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/¶pFULWXUH GH FHV UHPHUFLHPHQWV YLHQW FORUH WURLV DQQpHV GH WKqVH VXU FHV VXMHWV G¶pWXGH
SDVVLRQQDQWVTXHVRQW OHV VROVHW O¶DJURIRUHVWHULH6L O¶DFKqYHPHQWG¶XQH WKqVHSHXW VHPEOHU
rWUH XQ O¶DERXWLVVHPHQW G¶XQ WUDYDLO SHUVRQQHO LO Q¶HQ HVW ULHQ F¶HVW OH IUXLW GH UHQFRQWUHV
G¶pFKDQJHVHWGHFROODERUDWLRQVWRXVSOXVHQULFKLVVDQWVOHVXQVTXHOHVDXWUHV-HYRXGUDLVLFL
UHPHUFLHUOHVSHUVRQQHVFOpVTXLRQWSHUPLVODUpDOLVDWLRQGHFHWUDYDLO
-H WLHQV WRXW G¶DERUG j UHPHUFLHU OHV PHPEUHV GX MXU\ SRXU DYRLU DFFHSWp G¶pYDOXHU PRQ











8QJUDQGPHUFL j&KULVWRSKH-RXUGDQ SRXUP¶DYRLU IDLW GpFRXYULU OHPRQGHGHV UDFLQHV
7RXMRXUV DYHF EHDXFRXS G¶KXPRXU HW G¶HQWKRXVLDVPH (JDOHPHQW SRXU OHV VRLUpHV
FDwSLULQKD«
0HUFL j&KULVWLDQ'XSUD] SRXU P¶DYRLU IDLW FRQILDQFH HQP¶HPEDXFKDQW GqV OD VRUWLH GH
O¶$JUR HQ WDQW TX¶LQJpQLHXU GDQV OH FDGUH GX SURMHW $15 (FRVIL[ &HWWH DQQpH WUqV
HQULFKLVVDQWHP¶D SHUPLV GHPULU HW GHPRQWHU FH SURMHW GH WKqVH HQ DJURIRUHVWHULH0HUFL
pJDOHPHQWSRXUVRQVRXWLHQSHQGDQWFHWWHWKqVH
8Q JUDQG PHUFL DX[ GLIIpUHQWHV pTXLSHV WHFKQLTXHV j O¶805 6\VWHP -HII %RXUGRQFOH
$ODLQ 6HOOLHU /\GLH 'XIRXU TXL RQW IDLW XQ WUDYDLO YUDLPHQW LQFUR\DEOH VXU OH WHUUDLQ
QRWDPPHQW DYHF OD IRVVH GH  P GH SURIRQGHXU HW OHV  FDURWWDJHV GH VROV $ O¶805


















0HUFL j WRXV OHV pWXGLDQWHV TXL RQW SDUWLFLSp GH SUqV RX GH ORLQ j FHWWH WKqVH ,OV VRQW
QRPEUHX[ FH TXL P¶D YDOX TXHOTXHV SHWLWHV ERXWDGHV« HW OHXUV VWDJHV RQW SOXV TXH
FRQWULEXpjODUpDOLVDWLRQGHFHVWUDYDX[-¶HVSqUHTXHOHXUSDUFRXUVGDQVFHWWHWKqVHOHXUVHUD
XWLOH SRXU OD VXLWH -H UHPHUFLH GRQF YLYHPHQW$XUpOLH &DPERX 7KRPDV &R]]L&pOLQH
'XUDQG$PDQGLQH *HUPRQ*XLOOHUPR /RERV7KpRSKLOH 3DUHQW$OH[DQGUH 5RVD HW
(ULF=DVVLDLQVLTXH3DWULFLD0DKDIDNDHW&OpPHQW5HQRLUTXLRQWWUDYDLOOpVXUFHSURMHWHQ
&''
0HUFL j 0DUWLDO %HUQRX[ HW j 9DOpULH 9LDXG SRXU OHXUV FRQVHLOV VXU OHV SURWRFROHV










0HUFL pJDOHPHQW j WRXV OHV FROOqJXHV G¶(FR	6ROV DYHFTXL M¶DL DSSUpFLp pFKDQJHU0HUFL j
)DULG0LFKHOOH9LYLDQH&DUROHHW9pURQLTXHSRXUOHVQRPEUHX[RUGUHVGHPLVVLRQ
8QPHUFLVSpFLDOj7KRPDVHW7DQJX\SRXUOHVVRUWLHVQDWXUDOLVWHVOHVZHHNHQGVTXHFHVRLW






TXH FH VRLW ORUV GHPDWFKV GH EDGPLQWRQV ORUV GH VRLUpHV ORUV GH SDUWLHV GH FDUWHV RX WRXW
VLPSOHPHQW DX EXUHDX$GHOLQH$JQqV&pOLQH'DPLHQ (VWKHU.HQML/LRQHO0DQRQ
0DWKLDV0D[LPH3DWULFLD7KRPDV=RKUDDLQVLTXHOHVDPLHVUHWURXYpHVGHWHPSVj










VXU O¶$WWpQXDWLRQGX&KDQJHPHQW&OLPD7LTXHSDU O¶DJU,FXOWXUHHW OD)RUrWª8QHSDUWLHGHV



































PRGH GH JHVWLRQ GHV WHUUHV /¶DJURIRUHVWHULH FDUDFWpULVH XQPRGH G¶RFFXSDWLRQ GHV VROV TXL
DVVRFLHGHVDUEUHVHWGHVFXOWXUHVHWRXGHVDQLPDX[DXVHLQG¶XQHPrPHSDUFHOOH2QSDUOH
UHVSHFWLYHPHQW G¶DJURV\OYLFXOWXUH HW GH V\OYRSDVWRUDOLVPH /HV V\VWqPHV DJURIRUHVWLHUV
SRXUUDLHQW MRXHU XQ U{OH GDQV O¶DWWpQXDWLRQ PDLV DXVVL GDQV O¶DGDSWDWLRQ DX FKDQJHPHQW
FOLPDWLTXH&HWWHWKqVHDYDLWSRXUREMHFWLIVGHTXDQWLILHUOHVWRFNDJHHWOHVIRUPHVGH&26
GDQV OHV VROV GH SDUFHOOHV DJURIRUHVWLqUHV  H[SOLTXHU OH VWRFNDJH GH&26 REVHUYp HW 
SURSRVHUXQPRGqOHGHG\QDPLTXHGX&26jO¶pFKHOOHSOXULDQQXHOOH
1RXV DYRQV PHVXUp OH VWRFNDJH GH &26 GDQV FLQT SDUFHOOHV DJURV\OYLFROHV HW GDQV XQH
SDUFHOOHV\OYRSDVWRUDOHHQ)UDQFH1RXVDYRQVHXUHFRXUVjXQHDSSURFKHV\QFKURQLTXHF¶HVW
jGLUHjXQHFRPSDUDLVRQHQWUHXQHSDUFHOOHDJURIRUHVWLqUHHWXQHSDUFHOOHDJULFROHDGMDFHQWHV
/HV VWRFNVGH&26RQWpWpTXDQWLILpVGHFPjPGHSURIRQGHXU VHORQ OHV VROVpWXGLpV
DYHFXQHSULVHHQFRPSWHGH ODGLVWDQFHDX[DUEUHV6XUOHVLWHGXGRPDLQHH[SpULPHQWDOGH
5HVWLQFOLqUHV ,15$ TXH QRXV DYRQV SDUWLFXOLqUHPHQW pWXGLp XQ VWRFNDJH GH &26 D pWp
REVHUYp MXVTX¶jPGHSURIRQGHXU/HV WDX[GH VWRFNDJHGH&26RQWpWpHVWLPpVj
 W&KDDQ VXUFPHWjW&KDDQ VXUFP6XU OH UpVHDXGH
SDUFHOOHV pWXGLpHV FH WDX[GH VWRFNDJH HVW GH ± W&KD DQ VXU FP
'DQV O¶LQWHUUDQJDXFXQHIIHWGH ODGLVWDQFHj O¶DUEUH VXU OHV VWRFNVGH&26Q¶DpWpPLVHQ
pYLGHQFH /HV OLJQHV G¶DUEUHV RFFXSpHV SDU XQH YpJpWDWLRQ KHUEDFpH UHSUpVHQWHQW OHV SOXV
IRUWVVWRFNVGHFDUERQH
1RXV DYRQV pJDOHPHQW FKHUFKp j H[SOLTXHU OHV SURFHVVXV GH VWRFNDJH GH &26 HQ
DJURIRUHVWHULH3RXU FHOD QRXV DYRQVTXDQWLILp WRXWHV OHV HQWUpHVGHPDWLqUHVRUJDQLTXHV DX
VRO/HVELRPDVVHVGHVUDFLQHVILQHVRQWpWpHVWLPpHVjO¶DLGHGHIRVVHVSURIRQGHVMXVTX¶jP










 P HW HVW PDMRULWDLUHPHQW ORFDOLVp GDQV OHV KRUL]RQV GH VXUIDFH /HV SRWHQWLHOV GH
PLQpUDOLVDWLRQGX&26GHVGHX[SDUFHOOHVRQWpWpPHVXUpVSDUGHVLQFXEDWLRQVGHVROVLVVXVGH
GLIIpUHQWHV SURIRQGHXUV HW SDU GHV LQFXEDWLRQV GH VROV D\DQW VXEL GLIIpUHQWV QLYHDX[ GH
GpVWUXFWXUDWLRQ  /HV WDX[ GH PLQpUDOLVDWLRQ GX &26 GLPLQXHQW H[SRQHQWLHOOHPHQW DYHF OD



























6RLO RUJDQLF FDUERQ 62& SOD\V D PDMRU UROH LQ PDLQWDLQLQJ VRLO SURSHUWLHV *OREDOO\ LW
UHSUHVHQWV DQ LPSRUWDQW FDUERQ SRRO WKDW LV SDUWLFXODUO\ VHQVLWLYH WR WKH ODQG XVH W\SH
$JURIRUHVWU\ LVD ODQGXVH W\SHZKHUH WUHHVDUHDVVRFLDWHGZLWKFURSVDQGRUDQLPDOVZLWKLQ
WKH VDPH ILHOG ,Q WKLV FDVH LW LV FRPPRQO\ WHUPHG VLOYRDUDEOH DJURIRUHVWU\ DQG



















 \U FRPSDUHG WR  W & KD \U WR  P GHSWK 7UHH ILQH URRWV DQG FURS ILQH URRWV
FRQWULEXWHG HTXDOO\ WR DERXW  RI RUJDQLF LQSXWV LQ WKH DJURIRUHVWU\ 3DUWLFOH VL]H
IUDFWLRQDWLRQZDVXVHG WR LGHQWLI\ WKHDGGLWLRQDO62&DQGZH IRXQG WKDWPRVWRIDGGLWLRQDO
62&ZDVPDGHRISDUWLFXODWHRUJDQLFPDWWHU320RIWKHVL]HRIVDQGVPDQG
 P DQG ZDV PDLQO\ ORFDWHG LQ WRS VRLO OD\HUV :H PHDVXUHG 62& PLQHUDOLVDWLRQ
SRWHQWLDOV RI WKH WZR SORWV E\ LQFXEDWLQJ VRLO VDPSOHV IURP GLIIHUHQW GHSWKV DQG DOVRZLWK







LQWR DFFRXQW GLIIHUHQW GLVWDQFHV IURP WKH WUHH0RGHO RXWSXWV VXJJHVW WKDW 62& VWRUDJH LQ
DJURIRUHVWU\V\VWHPVLVWKHUHVXOWRIKLJKHURUJDQLFLQSXWVWRWKHVRLOPRUHWKDQDUHGXFWLRQRI















































































































































































































































































DX[ REMHFWLIV GH O¶DJULFXOWHXU 1DLU  6RPDUULED  1DLU  /H FHQWUHPRQGLDO
G¶DJURIRUHVWHULH ,&5$) SURSRVH FHWWH GpILQLWLRQ ©/¶DJURIRUHVWHULH HVW XQ WHUPH JpQpUDO
SRXUGpVLJQHUGHV V\VWqPHVG¶XWLOLVDWLRQGHV WHUUHV HW GHVSUDWLTXHVRGHVSODQWHVSpUHQQHV
OLJQHXVHVVRQWGpOLEpUpPHQWLQWpJUpHVDYHFGHVFXOWXUHVHWRXGHVDQLPDX[VXUXQHPrPHXQLWp
GH VXUIDFH /¶LQWpJUDWLRQ SHXW VH IDLUH HQ PpODQJH GDQV O¶HVSDFH RX GDQV XQH VpTXHQFH
WHPSRUHOOH,O\DQRUPDOHPHQWjODIRLVGHVLQWHUDFWLRQVpFRORJLTXHVHWpFRQRPLTXHVHQWUHOHV
FRPSRVDQWV OLJQHX[ HW QRQ OLJQHX[ª 'LIIpUHQWHV PpWKRGHV GH FODVVLILFDWLRQ GHV V\VWqPHV
DJURIRUHVWLHUV RQW pWp SURSRVpHV OD SOXSDUW EDVpHV VXU OD QDWXUH HW O¶DUUDQJHPHQW GHV
FRPSRVDQWHV GX V\VWqPH )LJ '¶DXWUHVPpWKRGHV GH FODVVLILFDWLRQ H[LVWHQW )LJ 
EDVpHV SDU H[HPSOH VXU OHV LQWHUDFWLRQV GDQV OH WHPSV HW O¶HVSDFH HQWUH OHV FRPSRVDQWHV
DUERUpHVHWOHVFXOWXUHV7RUTXHELDXRXHQFRUHVXUOHVVHUYLFHVpFRV\VWpPLTXHVUHQGXV
1DLU


























(Q )UDQFH OH V\VWqPH DJURIRUHVWLHU OH SOXV UpSDQGX HVW OH SUpYHUJHU VXUWRXW SUpVHQW HQ
1RUPDQGLHLODVVRFLHGHVDUEUHVIUXLWLHUVSRPPLHUVSRLULHUVHWGHVSUDLULHVSkWXUpHV'XSUD]
DQG/LDJUH&HVGHUQLqUHVDQQpHVRQDVVLVWH FHSHQGDQW jXQ UHJDLQG¶LQWpUrWSRXU OHV




/HV VHUYLFHV pFRV\VWpPLTXHV VRQW ©OHV EpQpILFHV TXH OHV KXPDLQV UHWLUHQW GHV pFRV\VWqPHV
VDQVDYRLUjDJLUSRXUOHVREWHQLUª0LOOHQQLXP(FRV\VWHP$VVHVVPHQW&HVVHUYLFHV
LQFOXHQW GHV VHUYLFHV G¶DXWRHQWUHWLHQ RX GH VXSSRUW FRPPH OD IRUPDWLRQ GHV VROV OD
SKRWRV\QWKqVH OH F\FOH GHV QXWULPHQWV GHV VHUYLFHV G¶DSSURYLVLRQQHPHQW R[\JqQH
QRXUULWXUHHDXILEUHV«GHVVHUYLFHVGHUpJXODWLRQTXLDIIHFWHQWSDUH[HPSOH OHFOLPDW OHV





)LJXUH  /LHQV HQWUH VHUYLFHV pFRV\VWpPLTXHV HW FRPSRVDQWHV GX ELHQrWUH GH O¶+RPPH
0LOOHQQLXP(FRV\VWHP$VVHVVPHQW

'HQRPEUHX[ WUDYDX[PRQWUHQW OH U{OH FUXFLDO GH OD ELRGLYHUVLWp VXU OH IRQFWLRQQHPHQW GHV
pFRV\VWqPHV HW VXU OHV VHUYLFHV TX¶LOV UHQGHQW +RRSHU HW DO  7LOPDQ HW DO 
%DOYDQHUD HW DO  &RPSDUDWLYHPHQW DX[ SDUFHOOHV DJULFROHV FODVVLTXHV OHV V\VWqPHV
DJURIRUHVWLHUV DSSRUWHQW XQH FRPSRVDQWH DUERUpH VXSSOpPHQWDLUH TXL SHXW rWUH XQPpODQJH
G¶HVVHQFHV PDLV pJDOHPHQW WRXW XQ HQVHPEOH GH SODQWHV KHUEDFpHV TXL VH GpYHORSSHQW DX
SLHG GHV DUEUHV VXU OHV OLJQHV G¶DUEUHV &HWWH DVVRFLDWLRQ DYHF GHV SODQWHV SpUHQQHV LQGXLW
JpQpUDOHPHQWXQHDXJPHQWDWLRQGHODELRGLYHUVLWpjO¶pFKHOOHGHODSDUFHOOHQRWDPPHQWSRXU
OHV LQVHFWHV RLVHDX[ DUDFKQLGHV HW FKDXYHVVRXULV %XUJHVV  %KDJZDW HW DO 
3OXVLHXUV pWXGHVRQWPRQWUpXQHPHLOOHXUH UpJXODWLRQGHVSRSXODWLRQVGH UDYDJHXUVGDQV OHV
V\VWqPHV DJURIRUHVWLHUV JUkFH j OD SUpVHQFH DFFUXH G¶HQQHPLV QDWXUHOV ± DUDLJQpHV
K\PpQRSWqUHVFRFFLQHOOHV'L[HWDO6WDPSVDQG/LQLW6FKPLGWDQG7VFKDUQWNH
RXHQFRUHG¶RLVHDX[ LQVHFWLYRUHVHW FKDXYHVVRXULV 0DDVHW DO'HSOXV FHWWH
ELRGLYHUVLWp DFFUXH SHXW pJDOHPHQW DYRLU XQ U{OH VXU OD SROOLQLVDWLRQ GHV FXOWXUHV HW DLQVL
LPSDFWHUGLUHFWHPHQWOHVUHQGHPHQWV9DUDKHWDO
/HVDUEUHVDJURIRUHVWLHUVSHXYHQWpJDOHPHQWUpGXLUHOHUXLVVHOOHPHQWHWDLQVLOLPLWHUO¶pURVLRQ
GHV VROV 8GDZDWWD HW DO 8GDZDWWD HW DO PDLV pJDOHPHQW FDSWHUXQHSDUWLHGH





/HV V\VWqPHV DJURIRUHVWLHUV VRQW VRXYHQW pYRTXpV SRXU OHXU U{OH GDQV O¶DGDSWDWLRQ HW
O¶DWWpQXDWLRQGXFKDQJHPHQWFOLPDWLTXH(QWHUPHVG¶DGDSWDWLRQOHVDUEUHVSHXYHQWSURFXUHU
XQH SURWHFWLRQ DX[ FXOWXUHV IDFH DX[ IRUWHV FKDOHXUV OLPLWDQW OHV VWUHVV WKHUPLTXHV HW
O¶pFKDXGDJHPDLVDXVVLXQHSURWHFWLRQDX[DQLPDX[ 1DLU ,OVDWWpQXHUDLHQW O¶HIIHWGH
VHUUH HQ VWRFNDQW GX FDUERQH GDQV OHV DUEUHV PDLV DXVVL GDQV OH VRO 9HUFKRW HW DO 







j OD IRLV OHV RUJDQLVPHV YLYDQWV HW OHV UpVLGXV GpFRPSRVpV HW QRQ GpFRPSRVpV /DPDWLqUH
RUJDQLTXHGXVROHVWGRQFXQFRQWLQXXPGHPDWLqUHVSOXVRXPRLQVFRPSOH[HVHQSHUSpWXHO
UHQRXYHOOHPHQWª %HUQRX[ HW DO  'DQV XQH GpILQLWLRQ XQ SHX SOXV UHVWUHLQWH OHV
PDWLqUHV RUJDQLTXHV VRQW OH SURGXLW GH OD GpFRPSRVLWLRQ GHV SODQWHV HW GHV VXEVWDQFHV
DQLPDOHV0DQOD\HWDO/DWHQHXUHQPDWLqUHRUJDQLTXH02G¶XQVROUpVXOWHG¶XQ
pTXLOLEUH HQWUH OHV HQWUpHV GH 02 UpVLGXV GH FXOWXUHV UDFLQHV« HW OHV SHUWHV





O¶LQILOWUDWLRQGH O¶HDXHW OD UpVHUYHXWLOHGX VRO(OOHV VRQW VRXUFHGHQRXUULWXUHSRXU WRXWXQ
HQVHPEOHG¶RUJDQLVPHVGXVROTXLMRXHQWXQU{OHPDMHXUGDQVOHIRQFWLRQQHPHQWELRORJLTXHGX
VRO%DUGJHWWDQGYDQGHU3XWWHQ
/D PDWLqUH RUJDQLTXH GX VRO HVW FRPSRVpH HQ PR\HQQH GH  GH FDUERQH RUJDQLTXH











-DFNVRQ +RXJKWRQ &HOD FRUUHVSRQG j  RX  IRLV OH SRRO GH FDUERQH FRQWHQX
GDQV O¶DWPRVSKqUH HQYLURQ  *W & HW j  IRLV OH SRRO GH FDUERQH FRQWHQX GDQV OD
YpJpWDWLRQHQYLURQ*W&$XQLYHDXIUDQoDLVOHVVWRFNVGHFDUERQHGXVROVRQWHVWLPpVj
 ± *W& VXU OHV  SUHPLHUV FHQWLPqWUHV GX VRO $UURXD\V HW DO 0DUWLQ HW DO

/HV pPLVVLRQV GH JD] j HIIHW GH VHUUH *(6  SURYHQDQW GH O¶XWLOLVDWLRQ GH FDUERQH IRVVLOH
UHSUpVHQWHQW*W&DQ/H4XpUpHWDO$O¶pFKHOOHJOREDOHOHVpPLVVLRQVGH*(6
UHSUpVHQWHQWGRQFHQYLURQÅGXVWRFNGHFDUERQHRUJDQLTXH$LQVLXQHIDLEOHYDULDWLRQGHV
VWRFNV GH FDUERQH GX VRO SHXW DYRLU XQ LPSDFW PDMHXU VXU OHV pPLVVLRQV GH *(6 HW







,O HVWQpFHVVDLUHGHGLVWLQJXHU ODVpTXHVWUDWLRQGHFDUERQHGDQV OHV VROVGXVWRFNDJHGH
FDUERQHGDQVOHVVROV&HVQRWLRQVVRQWFRXUDPPHQWFRQIRQGXHV\FRPSULVGDQVODOLWWpUDWXUH
VFLHQWLILTXH R O¶H[SUHVVLRQ ©VRLO FDUERQ VHTXHVWUDWLRQª UHPSODFH VRXYHQW ©VRLO FDUERQ
VWRUDJHª .UQDDQG5DSVRQ/HSURFHVVXVGXVWRFNDJHGHFDUERQHGDQV OHVVROVSHXW
rWUH GpILQL FRPPH OH SUpOqYHPHQW GH&2GH O¶DWPRVSKqUH HW VRQ VWRFNDJH VRXV XQH IRUPH
RUJDQLTXHGDQVOHFRPSDUWLPHQWVRO%HUQRX[HWDO
/DVpTXHVWUDWLRQGHFDUERQHHVWXQHQRWLRQSOXVJOREDOHTXL LQWqJUH WRXWHV OHVpPLVVLRQVGH






GRQQp HQ FRPSDUDLVRQ DYHF XQ DJURpFRV\VWqPH GH UpIpUHQFH HW SRXU XQH SpULRGH HW XQH
VXUIDFHGRQQpHVGRLWrWUHFRQVLGpUpHFRPPHOHUpVXOWDWGXELODQQHWH[SULPpHQpTXLYDOHQWV
&&2 RX HQ pTXLYDOHQWV &2 GH WRXV OHV IOX[ GLUHFWV GH *(6 j O¶LQWHUIDFH VROSODQWH









HQ SODFH GX QRXYHDX V\VWqPH &HWWH DSSURFKH HVW FRQVLGpUpH FRPPH OD SOXV ILDEOH &RVWD
-XQLRUHWDOFDUHOOHOLPLWHOHVELDLVOLpVjO¶XWLOLVDWLRQGHSDUFHOOHVGLIIpUHQWHVWH[WXUH
KLVWRULTXH« PDLV HQ SUDWLTXH HOOH UHVWH SHX XWLOLVpH FDU LO IDXW DWWHQGUH GH QRPEUHXVHV
DQQpHVDYDQWGHSRXYRLUREVHUYHUGHVGLIIpUHQFHVGHVWRFNVGH&6PLWK/¶DSSURFKH




UpIpUHQFH JHVWLRQFRQYHQWLRQQHOOH ,O IDXW FHSHQGDQW V¶DVVXUHU TXH ODSDUFHOOH GH UpIpUHQFH
Q¶DLWSDVVXELWGHPRGLILFDWLRQVPDMHXUHVpURVLRQ
6L OHVWRFNGHFDUERQHRUJDQLTXHG¶XQVROGpSHQGGXELODQHQWUHOHVHQWUpHVHWOHVVRUWLHVGH




/D FRPSRVLWLRQ FKLPLTXH GHV PDWLqUHV RUJDQLTXHV D ORQJWHPSV pWp FRQVLGpUpH FRPPH OH
IDFWHXU FOp FRQWU{ODQW OHXU GpFRPSRVLWLRQ HW OHXU VWDELOLVDWLRQ GDQV OHV VROV /D WHQHXU HQ
OLJQLQHPROpFXOHSRO\SKpQROLTXHFRPSOH[HHWVXSSRVpHUpVLVWDQWHjODGpFRPSRVLWLRQSDUOHV
PLFURRUJDQLVPHV D VRXYHQW pWp XWLOLVpH FRPPH XQ LQGLFDWHXU GH OD ©UpFDOFLWUDQFH
FKLPLTXHªGHVPDWLqUHVRUJDQLTXHVjODGpFRPSRVLWLRQ5DVVHHWDO,OHVWPDLQWHQDQW
DYpUpTXHODUpFDOFLWUDQFHQHFRQWU{OHTXHOHVSUHPLqUHVSKDVHVGHODGpFRPSRVLWLRQPDLVSDV
OD VWDELOLVDWLRQ j O¶pFKHOOH SOXULGpFHQQDOH YRQ /W]RZ HW DO  '¶DXWUHV SURFHVVXV
PDMHXUV GH VWDELOLVDWLRQRQW pWpPLV HQ pYLGHQFH/¶DGVRUSWLRQ GH OD02VXU OHVPLQpUDX[
IDLEOHPHQWFULVWDOOLQVQRWDPPHQWVXUOHVDUJLOHVVHPEOHrWUHXQSURFHVVXVPDMHXUSURWpJHDQW
OD02GH OD GpFRPSRVLWLRQ 7RUQ HW DO 0LNXWWD HW DO 0DUVFKQHU HW DO 
6FKUXPSI HW DO  .OHEHU HW DO  SURSRVHQW XQH RUJDQLVDWLRQ HQ ©SHOXUHV
G¶RLJQRQªDXWRXUGHVPLQpUDX[OHVPROpFXOHVRUJDQLTXHVpWDQWGLUHFWHPHQWHQFRQWDFWDYHF
OHV PLQpUDX[ pWDQW SOXV VWDELOLVpV TXH OHV FRPSRVpV RUJDQLTXHV TXL VH VXSHUSRVHQW VXU FHV
SUHPLqUHVFRXFKHV/DSURWHFWLRQSK\VLTXHDXVHLQGHPDFURHWPLFURDJUpJDWVHVWpJDOHPHQW
XQSURFHVVXVLPSOLTXpGDQVFHWWHVWDELOLVDWLRQGXFDUERQH3XJHWHWDO&KHQXDQG3ODQWH
 9LUWR HW DO  /HV DJUpJDWV OLPLWHQW HQ HIIHW O¶DFFqV j OD 02 SRXU OHV
PLFURRUJDQLVPHVHW OLPLWHQW ODGLIIXVLRQGH O¶R[\JqQHHVVHQWLHOj ODGpFRPSRVLWLRQDpURELH
/¶DFFHVVLELOLWp GHV PLFURRUJDQLVPHV j OD 02 j GpFRPSRVHU HVW XQ IDFWHXU GpWHUPLQDQW
'XQJDLWHWDO(QILQODFRPSOH[DWLRQGHPpWDX[FRPPHOHIHURXO¶DOXPLQLXPDYHF
OD02SHXWpJDOHPHQWrWUHXQSURFHVVXV LPSRUWDQWGHSUpVHUYDWLRQGHOD02YLVjYLVGHOD
GpFRPSRVLWLRQ 6ROOLQV HW DO  )UDQVVRQ HW DO  .OHEHU HW DO  /HV UpFHQWV
WUDYDX[PHQpVGDQVFHGRPDLQHVHPEOHQWPRQWUHUTXHOHVSURFHVVXVGHVWDELOLVDWLRQQHVRQW
SDV OHV PrPHV GDQV OHV KRUL]RQV VXSHUILFLHOV HW SURIRQGV DYHF JpQpUDOHPHQW XQ U{OH SOXV




5XPSHO HW DO  'H SOXV OH FDUERQH SURIRQG HW DQFLHQ VHPEOH rWUH SURWpJp GH OD
GpFRPSRVLWLRQ GX IDLW G¶XQ PDQTXH G¶pQHUJLH GLVSRQLEOH GDQV OH PLOLHX SRXU OHV
PLFURRUJDQLVPHV (Q HIIHW O¶DSSRUW GH PDWLqUH RUJDQLTXH IUDvFKH UDFLQHV H[VXGDWV«
HQWUDvQHXQHPLQpUDOLVDWLRQGXFDUERQHVWDELOLVpRQSDUOHGH©SULPLQJHIIHFWª)RQWDLQHHWDO
 )RQWDLQH HW DO  &HV WUDYDX[ UpFHQWV PRQWUHQW OHV OLPLWHV GHV FRQQDLVVDQFHV
DFWXHOOHVFRQFHUQDQWOHVSURFHVVXVGHVWDELOLVDWLRQGX&GDQVOHVVROVHWG¶DXWUHVWUDYDX[VRQW
QpFHVVDLUHVDILQGHG¶LGHQWLILHU OHVIDFWHXUVFOpVGHFHVSURFHVVXVTX¶LOVVRLHQWSpGRORJLTXHV
WH[WXUH S+ WHQHXUV HQ PpWDX[« FOLPDWLTXHV TX¶LOV FRQFHUQHQW OD QDWXUH GHV 02 RX
HQFRUH TX¶LOV VRLHQW GH QDWXUH pFRORJLTXH HW FRQFHUQHQW OHV LQWHUDFWLRQV HQWUH OHV GLIIpUHQWV
RUJDQLVPHVGXVRO5pFHPPHQWLODSDUH[HPSOHpWpGpPRQWUpOHU{OHGHVP\FRUKL]HVGDQVOD






VROV VDWXUpV HQ FDUERQH VRXV SUDLULH RX IRUrW GHSXLV ORQJWHPSV $LQVL HQ FRPSDUDQW OD
VDWXUDWLRQ WKpRULTXHG¶XQ VRO DYHF OD VDWXUDWLRQ UpHOOH RQSHXW DYRLU XQH LGpHGXSRWHQWLHO
G¶XQ VRO j VWRFNHUGXFDUERQHRUJDQLTXH $QJHUVHW DO:LHVPHLHU HW DO0DLV
FHWWHDSSURFKHSUpVHQWHGHVOLPLWHV(OOHQ¶DpWpSRXUO¶LQVWDQWTX¶DSSOLTXpHVXUOHVKRUL]RQVGH
VXUIDFHFPHWLOVHPEOHTX¶HOOHGRLYHrWUHSUpFLVpHHQSUHQDQWSDUH[HPSOHHQFRPSWH
OD VXUIDFH VSpFLILTXHGHVPLQpUDX[HWSDVVHXOHPHQW OHXUDERQGDQFH )HQJHWDO'H
SOXVGHVWUDYDX[UpFHQWVVHPEOHQWPRQWUHUTX¶XQHIDLEOHSURSRUWLRQGHVVXUIDFHVGHOD WDLOOH












8QH PrPH SDUFHOOH DJULFROH SHXW SUpVHQWHU GHV VWRFNV GH FDUERQH WUqV GLIIpUHQWV VHORQ OD
JHVWLRQTXLHQHVWIDLWH$LQVLGLIIpUHQWHVSUDWLTXHVDJURQRPLTXHVSHUPHWWHQWG¶DPpOLRUHUOHV
WHQHXUVHQ026GHVVROVDJULFROHVHWDLQVLG¶DXJPHQWHUOHVVWRFNVGH&26HQDXJPHQWDQWOHV




VRO -DUHFNL DQG /DO  RX GHV DSSRUWV GH IXPLHUV GH FRPSRVW RX GH ERXHV GH VWDWLRQ
G¶pSXUDWLRQVRQWpJDOHPHQWEpQpILTXHVDYHFGHVWDX[GHVWRFNDJHDOODQWGHjW&KD
DQVXUOHVKRUL]RQVGHVXUIDFH6PLWKHWDO6PLWKHWDO)DYRLQRDQG+RJJ
'LDFRQR DQG 0RQWHPXUUR  /¶LQWURGXFWLRQ GH FXOWXUHV LQWHUPpGLDLUHV LQLWLDOHPHQW
GHVWLQpHV j SLpJHU OHV QLWUDWHV H[FpGHQWDLUHV GDQV OH VRO HQ DXWRPQH HW GRQF OLPLWHU OHXU
OL[LYLDWLRQSHUPHWpJDOHPHQWG¶DXJPHQWHUOHVVWRFNVGHFDUERQHGXVROjXQWDX[PR\HQGH
W&KDDQVXUFP3RHSODXDQG'RQ(QHIIHWFHVFXOWXUHVQHVRQW
SDV UpFROWpHV HW VRQW UHVWLWXpHV DX VRO DYDQW OH VHPLV RX OD SODQWDWLRQ VXLYDQWH /HV





'H WUqVQRPEUHXVHV pWXGHVRQWSRUWp VXU OHQRQ ODERXURX OHQRQ WUDYDLO GX VRO&HV pWXGHV
VHPEODLHQWPRQWUHUXQHIIHWWUqVEpQpILTXHGHFHVSUDWLTXHVVXUOHVVWRFNVGH&26:HVWDQG
3RVW0HWD\HWDO/HVSULQFLSDOHVK\SRWKqVHVpWDLHQWTXHOHODERXUHWOHWUDYDLOGX
VRO HQWUDvQDLHQW XQH GpSURWHFWLRQ GH OD02 GHVWUXFWLRQ GHVPDFURDJUpJDWV GX VRO HW XQH
PHLOOHXUH R[\JpQDWLRQ GX VRO FRQGXLVDQW j XQHPLQpUDOLVDWLRQ DFFUXH GH OD020DLV GHV
pWXGHVUpFHQWHVRQWPRQWUpTXHFHWHIIHWSRVLWLIGXQRQODERXUVXUOHVWRFNDJHGHFDUERQHDYDLW
pWp VXUHVWLPp QRWDPPHQW j FDXVH GH OD PpWKRGH GH FRPSDUDLVRQ VRXYHQW GH W\SH
V\QFKURQLTXH &RVWD -XQLRU HW DO PDLV VXUWRXW j FDXVH GH SUpOqYHPHQWV GH VROV WURS




GLPLQXWLRQ UHODWLYH HQ SURIRQGHXU SDU UDSSRUW j XQ ODERXU %DNHU HW DO  $QJHUV DQG
(ULNVHQ+DPHO  $LQVL OHV pWXGHV SOXV UpFHQWHV PRQWUHQW GHV WDX[ GH VWRFNDJH SOXV









0HDG DQG:LOOH\  HW HVW GpILQLH SDU OD VRPPH GHV UHQGHPHQWV UHODWLIV GHV FXOWXUHV
DVVRFLpHV &HWWH SHUIRUPDQFH V¶H[SOLTXH QRWDPPHQW SDU XQH PHLOOHXUH XWLOLVDWLRQ GHV
UHVVRXUFHVGXPLOLHX(QHIIHWHQPLOLHXWHPSpUpLOQ¶\DHQJpQpUDOTX¶XQHFXOWXUHSDUDQOH















SDU OD FXOWXUH LQWHUFDODLUH 0XOLD DQG 'XSUD]  HW GX FDUERQH HVW DLQVL DSSRUWp HQ
SURIRQGHXUSDU ODPRUWDOLWpHW O¶H[VXGDWLRQGHV UDFLQHV2U OHFDUERQH LVVXGHV UDFLQHVDXQ
12 
 
WHPSV GH UpVLGHQFH SOXV LPSRUWDQW GDQV OH VRO TXH OH FDUERQH LVVX GHV SDUWLHV DpULHQQHV HW






rWUH VWRFNpV j WUqV JUDQGH SURIRQGHXU  GDQV OH VRO &HSHQGDQW LOV SRXUUDLHQW pJDOHPHQW
DFFpOpUHUODPLQpUDOLVDWLRQGXFDUERQHDQFLHQSDUOH©SULPLQJHIIHFWª)RQWDLQHHWDO
/DSOXSDUWGHVpWXGHVSRUWDQWVXUO¶LPSDFWGHVV\VWqPHVDJURIRUHVWLHUVVXUOHVVWRFNVGH&26
RQWpWp UpDOLVpVGDQV OHVSD\V WURSLFDX[FDUFHVV\VWqPHVVRQW WUqV UpSDQGXVGDQVFHV]RQHV
$OEUHFKW DQG.DQGML  6RWR3LQWR HW DO  6RPDUULED HW DO (WDQW GRQQp OD




PDMRULWp GHV DUWLFOHV VFLHQWLILTXHV LQGLTXHQW GHV VWRFNV GH &26 SOXV LPSRUWDQW GDQV OHV
V\VWqPHV DJURIRUHVWLHUV TXH GDQV OHV V\VWqPHV DJULFROHV /HV VWRFNV GH FDUERQH GDQV OD
ELRPDVVHDpULHQQHGHVDUEUHVVRQWpJDOHPHQWH[WUrPHPHQWYDULDEOHVVHORQOHVVLWHVHWSHXYHQW
YDULHU GH   j SOXV GH  W & KD 1DLU HW DO  'HV IRXUFKHWWHV SRXU OHV WDX[ GH
VWRFNDJHGH&26VRQWSURSRVpHVSRXUOHVV\VWqPHVWURSLFDX[DYHFXQVWRFNDJHGHjW
&KDVXUXQHSpULRGHGHDQVHWVXUPGHSURIRQGHXUSRXUOHVV\VWqPHVDJURIRUHVWLHUVj
RPEUDJH FDFDR FDIp  RX HQFRUH XQ VWRFNDJH GH  j  W & KD SRXU OHV V\VWqPHV












& KD DQ 3HOOHULQ HW DO  8QH pWXGH UpFHQWH D FHSHQGDQW pWp PHQpH HQ *UDQGH





j O¶LPSODQWDWLRQ GX GLVSRVLWLI 4XHOTXHV pWXGHV RQW pJDOHPHQW pWp UpDOLVpHV VRXV FOLPDW
PpGLWHUUDQpHQ0XxR]HWDO+RZOHWWHWDORXVRXVFOLPDWDULGH7DNLPRWRHWDO




/D PDMRULWp GHV pWXGHV RQW pYDOXp FHW HIIHW VXU OHV KRUL]RQV GH VXUIDFH GX VRO HQ JpQpUDO
MXVTX¶jFPGHSURIRQGHXU2HOEHUPDQQHWDO6KDUURZDQG,VPDLO3HLFKOHWDO
 2HOEHUPDQQ DQG 9RURQH\  %DPEULFN HW DO  &H PDQTXH GH GRQQpHV
FRQFHUQDQW OHV KRUL]RQV SURIRQGV GX VRO HVW SULQFLSDOHPHQW OLp DX[ GLIILFXOWpV
G¶pFKDQWLOORQQDJH HW DX FRW G¶DQDO\VHV GHV pFKDQWLOORQV 0DLV GHV PpWKRGHV UpFHQWHV
FRPPHODVSHFWURPpWULHGDQVOHYLVLEOHHWOHSURFKHLQIUDURXJHRQWpWpGpYHORSSpHV%URZQHW
DO6WHYHQVHWDO(OOHVSHUPHWWHQWGHV HVWLPDWLRQV UDSLGHVHW jEDVFRWVGH OD
FRQFHQWUDWLRQHQFDUERQHRUJDQLTXHGXVRO*UDVHWDOHWSRXUUDLHQWrWUHXWLOLVpHVSRXU
DXJPHQWHUOHQRPEUHG¶pFKDQWLOORQVSUpOHYpVHQSURIRQGHXU
'DQV OHV V\VWqPHV DJURIRUHVWLHUV PpFDQLVpV DVVRFLDQW GHV OLJQHV G¶DUEUHV j GHV EDQGHV GH
FXOWXUHV LQWHUFDODLUHV GH OD YpJpWDWLRQ KHUEDFpH VSRQWDQpH RX VHPpH VH GpYHORSSH VXU FHV
OLJQHV /H VRO GHV OLJQHV G¶DUEUHV Q¶HVW GH SOXV SDV WUDYDLOOp FH TXL SRXUUDLW IDYRULVHU OH
VWRFNDJHGHFDUERQHGDQVOHVRO9LUWRHWDO'HSOXVOHVDUEUHVDIIHFWHQWODGLVWULEXWLRQ












UDSLGH FRPPH OHV PDWLqUHV RUJDQLTXHV SDUWLFXODLUHV TXL VRQW GHV PDWLqUHV RUJDQLTXHV HQ
GpFRPSRVLWLRQGH OD WDLOOHGHV VDEOHV RXDVVRFLpjGHVDUJLOHVRX OLPRQV HW DLQVL VWDELOLVp
GDQVOHVROSRXUXQHSpULRGHSOXVORQJXH7DNLPRWRHWDOHW+RZOHWWHWDORQW






3OXVLHXUV PRGqOHV GH G\QDPLTXH GX &26 H[LVWHQW OHV SOXV FRXUDPPHQW XWLOLVpV pWDQW OH
PRGqOH&(1785<3DUWRQHWDOHWOHPRGqOH5RWK&-HQNLQVRQ&HVPRGqOHV
UHSUpVHQWHQW GLIIpUHQWV FRPSDUWLPHQWV GX &26 HQ IRQFWLRQ GH OHXU VWDELOLWp SRROV ODELOHV
SDVVLIV«O¶pYROXWLRQGHFKDFXQGHFHVSRROVpWDQWUHSUpVHQWpHSDUGHVFLQpWLTXHVGHSUHPLHU
RUGUH'¶DXWUHVPRGqOHV RQW pJDOHPHQW pWp GpYHORSSpV FRPPH OHPRGqOH02026 6DOOLK





HQ XWLOLVDQW XQH FRXFKH GH VRO GH  FP GH SURIRQGHXU HW DYHF GHV HQWUpHV GH02 DX VRO






/HVVWRFNVGHFDUERQHSURIRQGV UHSUpVHQWHQWGHVTXDQWLWpVGHFDUERQH LPSRUWDQWHV -REEDJ\
DQG-DFNVRQHWSHXYHQWVHUHQRXYHOHUSDUWLHOOHPHQWjO¶pFKHOOHGpFHQQDOH%DLVGHQDQG
3DUILWW  .RDUDVKL HW DO  &HV GHUQLqUHV DQQpHV XQH SULVH GH FRQVFLHQFH GH
15 
 
O¶LPSRUWDQFH GH FH VXMHW GH OD SDUW GH OD FRPPXQDXWp GHV PRGpOLVDWHXUV D HQWUDvQp OH
GpYHORSSHPHQWGHGLIIpUHQWVPRGqOHVGLVFUpWLVpVHQIRQFWLRQGHODSURIRQGHXU%UDDNKHNNHHW
DO%UDDNKHNNHHWDO*XHQHWHWDO.RYHQHWDO7DJKL]DGHK7RRVLHW
















 OHV HQWUpHV GH PDWLqUH RUJDQLTXH DX VRO VRQW SOXV LPSRUWDQWHV GDQV XQ V\VWqPH
DJURIRUHVWLHUTXHGDQVXQV\VWqPHDJULFROHHWH[SOLTXHQWOHVWRFNDJHGHFDUERQH












 4XDQWLILHU OH VWRFNDJH GH & DGGLWLRQQHO GDQV OH VRO HQ V\VWqPH DJURIRUHVWLHU HQ
SUHQDQW HQ FRPSWH OH SURILO GH VRO GDQV VRQ HQVHPEOH HW OD YDULDELOLWp ODWpUDOH
SRWHQWLHOOHGHFHVV\VWqPHV
 ([SOLTXHUOHVYDULDWLRQVREVHUYpHVGHVWRFNVSDU











DQDO\VH SHUPHWWUD XQH PHLOOHXUH FRPSUpKHQVLRQ GH OD G\QDPLTXH GX & GDQV OHV V\VWqPHV
DJURIRUHVWLHUV /HV HQMHX[ VFLHQWLILTXHV VRQW PXOWLSOHV FRQWULEXHU j DPpOLRUHU OHV






'DQV OHFDGUHGHFHWWH WKqVHQRXVQRXV VRPPHV LQWpUHVVpVDX[V\VWqPHVDJURIRUHVWLHUV
GLWV ©HQ DUUDQJHPHQWV OLQpDLUHVª RX DJURIRUHVWHULH OLQpDLUH ,O V¶DJLW G¶XQH IRUPH
G¶DJURV\OYLFXOWXUHDVVRFLDQWGHVDOLJQHPHQWVG¶DUEUHVDYHFGHVFXOWXUHVLQWHUFDODLUHV&H
VRQW OHV V\VWqPHV DJURIRUHVWLHUV DFWXHOOHPHQW OHV SOXV SODQWpV HQ ]RQHV PpGLWHUUDQpHQQH HW
WHPSpUpH /D OLWWpUDWXUH DQJORVD[RQQH IDLW UpIpUHQFH j FHV V\VWqPHV SDU OHV WHUPHV
©VLOYRDUDEOH DJURIRUHVWU\ª ©DOOH\ FURSSLQJª RX HQFRUH ©WUHHEDVHG LQWHUFURSSLQJ











:RUNLQJ *URXS :5%  SURIRQG HW FDUERQDWp DYHF GHV WHQHXUV HQ DUJLOHV HW OLPRQV










PpGLWHUUDQpHQQH VRQW UDUHV HW OHXU PLVH HQ SODFH D pWp UpDOLVpH GDQV XQ FRQWH[WH R OHV
WKpPDWLTXHV©FDUERQHªHW©PDWLqUHVRUJDQLTXHVªQ¶pWDLHQWSDVOHVWKpPDWLTXHVSULRULWDLUHV









PLV HQ SODFH VXU VHXOHPHQW XQH SDUWLH GH OD SDUFHOOH DJULFROH H[LVWDQWH &¶HVW OH FDV VXU OH
GRPDLQHH[SpULPHQWDOGH3UDGHVOH/H]DLQVLTXHFKH] OHVDJULFXOWHXUVYLVLWpVSHQGDQWFHWWH
WKqVH$LQVLXQHSDUWLHDpWpFRQVHUYpHHQSDUFHOOHDJULFROHTXLVHUWPDLQWHQDQWGHSDUFHOOHGH
UpIpUHQFH RX SDUFHOOH WpPRLQ&HOD SHUPHW G¶DYRLU XQ KLVWRULTXH LGHQWLTXH DYDQW ODPLVH HQ
SODFHGXV\VWqPHDJURIRUHVWLHUHWGHOLPLWHUOHVGLIIpUHQFHVGHWH[WXUHPrPHVLFHWWHSURSULpWp
GXVROSHXWrWUHYDULDEOHjIDLEOHGLVWDQFH
'DQV OHFDGUHGXSURMHW$*5,362/$*URIRUHVWH5,HSRXU OD3URWHFWLRQGHV62/V ILQDQFp
SDU O¶$'(0(XQH FDPSDJQHGH FDURWWDJHGH VRO D pWp UpDOLVpHGDQV ODSDUFHOOH DJULFROH HW
DJURIRUHVWLqUH HQ  DILQ GH TXDQWLILHU OHV VWRFNV GH FDUERQH GX VRO MXVTX¶j  P GH
SURIRQGHXU 'HV RXWLOV LQQRYDQW FRPPH OD VSHFWURPpWULH GDQV OH YLVLEOH HW SURFKH HW
LQIUDURXJH HW OHV JpRVWDWLVWLTXHV RQW pWp XWLOLVpV$ILQ G¶HVVD\HU GH JpQpUDOLVHU OHV UpVXOWDWV
REWHQXVVXUFHVLWHGH3UDGHVOH/H]FRQFHUQDQWOHVVWRFNVGHFDUERQHGXVROHQDJURIRUHVWHULH
 DXWUHV SDUFHOOHV DJURIRUHVWLqUHV RQW pWp pWXGLpHV HQ)UDQFH  GDQV OH 3X\GH'{PH  HQ
(XUHHW/RLU  GDQV OHV 'HX[6qYUHV   HQ &KDUHQWH0DULWLPH HW  GDQV OH *DUG &HV
SDUFHOOHV SUpVHQWDQW DXVVL XQ WpPRLQ DJULFROH RQW OD SDUWLFXODULWp G¶DSSDUWHQLU j GHV
DJULFXOWHXUV VDXI OH VLWHGDQV OH3X\GH'{PHJpUpSDU O¶,15$GH&OHUPRQW)HUUDQG6XU
FKDFXQGHFHVVLWHVGHVTXDQWLILFDWLRQVGHVVWRFNVGH&26RQWpWpUpDOLVpHVGHjFPGH
SURIRQGHXU VHORQ OHV VLWHV DLQVL TXH GHV DQDO\VHV GH WH[WXUH HW GHV PHVXUHV GH ELRPDVVHV
DpULHQQHVGHVDUEUHV
/H VLWH H[SpULPHQWDO G¶DJURIRUHVWHULH GH 3UDGHVOH/H] D pWp XWLOLVp GDQV OH FDGUH GX SURMHW
(&26),; (FRV\VWHP 6HUYLFHV RI 5RRWV  +\GUDXOLF 5HGLVWULEXWLRQ &DUERQ 6HTXHVWUDWLRQ
DQG6RLO)L[DWLRQ$15675$ RGLIIpUHQWHV IRVVHVPLVHV HQSODFH HQ
GDQVODSDUFHOOHDJURIRUHVWLqUHDJULFROHHWIRUHVWLqUHRQWSHUPLVGHPHVXUHUOHVELRPDVVHVGHV
UDFLQHV ILQHV GHV DUEUHV HW GHV FXOWXUHV 'HV PLQLUKL]RWURQV LQVWDOOpV MXVTX¶j  P GH
SURIRQGHXURQWSHUPLVG¶pWXGLHUOHUHQRXYHOOHPHQWGHVUDFLQHVGHVDUEUHV(PEDXFKpHQWDQW
TX¶LQJpQLHXUG¶pWXGHGDQVOHFDGUHGXSURMHW(&26),;M¶DLpWpUHVSRQVDEOHGHFHVLWHHWM¶DL
FRQWULEXpj ODPLVHHQSODFHGHFHVIRVVHVDVVXUp OHVXLYLGHVGLVSRVLWLIVGXUDQW ODGXUpHGX
SURMHW&HVGLIIpUHQWVGLVSRVLWLIVPLVHQSODFHMXVWHDYDQWOHGpEXWGHODWKqVHRQWpWpUHSULVHW
YDORULVpGXUDQWFHWWHWKqVH,OVRQWSHUPLVODTXDQWLILFDWLRQGHVHQWUpHVGHFDUERQHDXVROSDU








OH VLWH GH 3UDGHVOH/H] VXU OD OLJQH G¶DUEUH O¶LQWHUUDQJ HW OH WpPRLQ DJULFROH HW j 




































































































$JURIRUHVWU\ V\VWHPV LH DJURHFRV\VWHPV FRPELQLQJ WUHHV ZLWK IDUPLQJ SUDFWLFHV DUH RI
SDUWLFXODU LQWHUHVW DV WKH\ FRPELQH WKH SRWHQWLDO WR LQFUHDVH ELRPDVV DQG VRLO FDUERQ &
VWRUDJHZKLOVWPDLQWDLQLQJDQDJULFXOWXUDOSURGXFWLRQ+RZHYHUPRVWSUHVHQWNQRZOHGJHRQ
WKHLPSDFWRIDJURIRUHVWU\V\VWHPVRQVRLORUJDQLFFDUERQ62&VWRUDJHFRPHVIURPWURSLFDO



















6RPDUULED  7RUTXHELDX  6HYHUDO W\SHV RI DJURIRUHVWU\ V\VWHPV FDQ EH
GLVWLQJXLVKHGGHSHQGLQJRQWKHGLIIHUHQWDVVRFLDWLRQVRIWUHHVFURSVDQGDQLPDOV7RUTXHELDX
,QWHPSHUDWHUHJLRQVDQLPSRUWDQWSDUWRIUHFHQWO\HVWDEOLVKHGDJURIRUHVWU\V\VWHPVDUH
DOOH\ FURSSLQJ V\VWHPVZKHUH SDUDOOHO WUHH URZVDUHSODQWHG LQFURS ODQGV DQGGHVLJQHG WR
DOORZPHFKDQL]DWLRQRIDQQXDOFURSV$JURIRUHVWU\V\VWHPVDUHRISDUWLFXODU LQWHUHVWDV WKH\
FRPELQHWKHSRWHQWLDOWRSURYLGHDYDULHW\RIQRQPDUNHWHGHFRV\VWHPVHUYLFHVGHILQHGDVWKH
EHQHILWV SHRSOH REWDLQ IURP HFRV\VWHPV 0LOOHQQLXP (FRV\VWHP $VVHVVPHQW  3RZHU






WKHLU DERYHJURXQG DQG EHORZJURXQG ELRPDVV 7KH UHVLGHQFH WLPH RI & LQ WKH KDUYHVWHG
ELRPDVVZLOOGHSHQGRQWKHIDWHRIZRRG\SURGXFWVDQGFDQUHDFKPDQ\GHFDGHVHVSHFLDOO\
IRU WLPEHU ZRRG 3URIIW HW DO  %DXKXV HW DO  $JURIRUHVWU\ WUHHV DOVR SURGXFH
RUJDQLF PDWWHU 20 LQSXWV WR WKH VRLO -RUGDQ  3HLFKO HW DO  DQG FRXOG WKXV
HQKDQFHVRLORUJDQLFFDUERQ62&VWRFNV/HDIOLWWHUDQGSUXQLQJUHVLGXHVDUHOHIWRQWKHVRLO
ZKHUHDV 20 RULJLQDWLQJ IURP URRW PRUWDOLW\ DQG URRW H[XGDWHV FDQ EH LQFRUSRUDWHG PXFK




VHYHUDO VWXGLHV VKRZHG WKDW URRWGHULYHG&ZDVSUHIHUHQWLDOO\ VWDELOL]HG LQVRLOFRPSDUHG WR
DERYH JURXQG GHULYHG& %DOHVGHQW DQG%DODEDQH 5DVVH HW DO PDLQO\ GXH WR
SK\VLFDO SURWHFWLRQ RI URRW KDLUV ZLWKLQ VRLO DJJUHJDWHV *DOH HW DO  WR FKHPLFDO
UHFDOFLWUDQFHRIURRWFRPSRQHQWV%LUGDQG7RUQRU WRDGVRUSWLRQRIURRWH[XGDWHVRU




VWRFNV /RUHQ] DQG /DO  TXDQWLWDWLYH HVWLPDWHV DUH VFDUFH HVSHFLDOO\ IRU WHPSHUDWH
3HLFKO HW DO  1DLU HW DO  3HOOHULQ HW DO  8SVRQ DQG %XUJHVV  RU
0HGLWHUUDQHDQ +RZOHWW HW DO  DJURIRUHVWU\ V\VWHPV  FRPELQLQJ FURSV DQG WUHH URZV






NQRZOHGJHFRQFHUQLQJGHHSVRLO LVPDLQO\GXH WRGLIILFXOWLHV WR DWWDLQSURIRXQGVRLOGHSWKV
DQGWRWKHFRVWRIDQDO\]LQJVRLOVDPSOHVIURPVHYHUDOVRLOOD\HUV5HFHQWO\QHZPHWKRGVVXFK
DVYLVLEOHDQGQHDULQIUDUHGUHIOHFWDQFH91,5VSHFWURVFRS\KDYHEHHQGHYHORSHG%URZQHW
DO  6WHYHQV HW DO  7KH\ DOORZ WLPH DQG FRVWHIIHFWLYH GHWHUPLQDWLRQ RI 62&
FRQFHQWUDWLRQ LQ WKH ODERUDWRU\EXWDOVR LQ WKH ILHOG  *UDVHWDO$GGLWLRQDOO\ WR WKH
ODFN RI GDWD IRU GHHS VRLO UHIHUHQFH SORWV ZHUH QRW DOZD\V DYDLODEOH SUHYHQWLQJ IURP
HVWLPDWLQJ WKH DGGLWLRQDO VWRUDJH RI 62& GXH VSHFLILFDOO\ WR DJURIRUHVWU\ +RZOHWW HW DO

,QDOOH\FURSSLQJV\VWHPVVSDFHVEHWZHHQWUHHVLQWUHHURZVDUHXVXDOO\FRYHUHGE\QDWXUDORU
VRZHGKHUEDFHRXVYHJHWDWLRQ DQG WKH VRLO XQGHU WUHH URZV LV XVXDOO\QRW WLOOHGZKLFKPD\
IDYRU62&VWRUDJHLQVRLO9LUWRHWDO0RUHRYHUZKLOHWUHHVVWURQJO\DIIHFWVWKHGHSWK


















DO  IRXQG WKDW FDUERQ FRQWHQW RI FRDUVH RUJDQLF IUDFWLRQVZDV LQFUHDVHG DW GLIIHUHQW









VWRFNV LQDJHRVWDWLVWLFDO IUDPHZRUN WDNLQJ LQWRDFFRXQW WKHGLVWDQFH WR WKH WUHHVDQG WR WKH
WUHHURZVLLLZHVWXGLHGWKHGLVWULEXWLRQRI62&LQGLIIHUHQWVRLOSDUWLFOHVL]HIUDFWLRQV











7KH H[SHULPHQWDO VLWH ZDV ORFDWHG LQ 3UDGHVOH/H]  NP 1RUWK RI 0RQWSHOOLHU )UDQFH
/RQJLWXGH ¶ ( /DWLWXGH ¶ 1 HOHYDWLRQ P DVO 7KH FOLPDWH LV VXEKXPLG
0HGLWHUUDQHDQ ZLWK DQ DYHUDJH WHPSHUDWXUH RI & DQG DQ DYHUDJH DQQXDO UDLQIDOO RI




'HVI+XVQZDV FXOWLYDWHG  ,Q)HEUXDU\  D  KHFWDUH DJURIRUHVWU\ DOOH\FURSSLQJ
SORWZDVHVWDEOLVKHGDIWHUWKHVRLOZDVSORXJKHGWRFPGHSWK ZLWKWKHSODQWLQJRIK\EULG
ZDOQXWV -XJODQV UHJLDîQLJUDFY1*DWî PVSDFLQJZLWK(DVW±:HVW WUHH URZV
)LJ,7KHUHPDLQLQJSDUWRIWKHSORWKDZDVNHSWDVDFRQWURODJULFXOWXUDOSORW7KH
ZDOQXW WUHHVZHUHSODQWHGDWDQ LQLWLDOGHQVLW\RI WUHHVKD7KH\ZHUH WKLQQHG LQ
GRZQWRWUHHVKD ,Q WKHWUHHURZV WKHVRLOZDVQRW WLOOHGDQGVSRQWDQHRXVKHUEDFHRXV












7KHH[SHULPHQWDO VLWHZDVQRWGHVLJQHGDV WUDGLWLRQDO DJURQRPLFDO H[SHULPHQWVZLWKEORFNV






FP6RLOFRUHV Q ZHUHVDPSOHGRQD UHJXODUJULGHYHU\P )LJ ,$URXQGHDFK
WUHHDVRLOFRUHZDVFROOHFWHGDWPPDQGPGLVWDQFHIURPWKHWUHHQ LQWKHWUHH
URZ DQG SHUSHQGLFXODU WR WKH WUHH URZ 6HYHQ VRLO FRUHV ZHUH VDPSOHG DGGLWLRQDOO\ LQ WKH
PLGGOHRIWKHLQWHUURZWRVWXG\VKRUWVFDOHPGLVWDQFHVSDWLDOKHWHURJHQHLW\RI62&VWRFNV
IDU IURP WKH WUHHV )LJ ,7KHVDPHVDPSOLQJ VFKHPHZDV IROORZHG LQ WKHFRQWUROSORW
ZLWKRXW WKHVH VHYHQ DGGLWLRQDO VRLO FRUHV 7KXV  VRLO FRUHV ZHUH VDPSOHG LQ WKH
DJURIRUHVWU\ VXESORW  LQ WUHH URZV  LQ LQWHUURZV DQG LQ WKH DJULFXOWXUDO VXESORW
)LJ,$OOFRUHVZHUHVDPSOHGGRZQWRPGHSWKXVLQJDPRWRUGULYHQPLFURFDWHUSLOODU




)LJXUH , 'HVFULSWLRQ RI WKH LQWHQVLYH VDPSOLQJ VFKHPH LQ WKH DJURIRUHVWU\ DQG LQ WKH
FRQWURO VXESORWV &LUFOHV UHSUHVHQW K\EULGZDOQXWV WKH JUH\ VWULSV UHSUHVHQW WKH WUHH URZV









6SHFWUDO 'HYLFHV %RXOGHU &2 86$ DQG ZHUH WKHQ DYHUDJHG 5HIOHFWDQFH VSHFWUD ZHUH
UHFRUGHG DV DEVRUEDQFH ZKLFK LV WKH ORJDULWKP RI WKH LQYHUVH RI UHIOHFWDQFH 7KH ZKROH
VSHFWUXPSRSXODWLRQZDVFRPSRVHGRIPHDQ VSHFWUD LHFRUHVZLWK VHJPHQWV
SHUFRUHEXWDIHZVDPSOHVZHUHORVWGXHWRPHFKDQLFDOSUREOHPV,QWRSVRLOFPWKH






VDPSOHV ZDV QRW XVHG IRU WKH WRSVRLO PRGHO DV LW FRQWDLQHG DEXQGDQW SODQW GHEULV URRWV
OHDYHV HWF DQG D 3&$ UHYHDOHG WKDW WKHVH 91,5 VSHFWUD ZHUH GLIIHUHQW IURP WKH ZKROH
VSHFWUD SRSXODWLRQ 62& FRQFHQWUDWLRQ RI WKHVH VDPSOHV ZDV WKHUHIRUH GHWHUPLQHG ZLWK D
&+1HOHPHQWDO DQDO\]HU DQG WKXV QRW SUHGLFWHGE\91,57KH62&FRQFHQWUDWLRQRI WKH




91,5 VSHFWUD DQDO\VLVZDV FRQGXFWHG RQ WRSVRLO DQG VXEVRLO VDPSOHV VHSDUDWHO\ XVLQJ WKH
:LQ,6,  VRIWZDUH )RVV 1,56\VWHPV 7HFDWRU ,QIUDVRIW ,QWHUQDWLRQDO //& 6LOYHU 6SULQJ
0' 86$ DQG 5 VRIWZDUH YHUVLRQ  5 'HYHORSPHQW &RUH 7HDP  7KH PRVW
UHSUHVHQWDWLYH VDPSOHV IURP D VSHFWUDO YLHZSRLQW ZHUH VHOHFWHG XVLQJ WKH .HQQDUG6WRQH
DOJRULWKP ZKLFK LV EDVHG RQ GLVWDQFH FDOFXODWLRQ EHWZHHQ VDPSOH VSHFWUD LQ WKH SULQFLSDO
FRPSRQHQW VSDFH .HQQDUG DQG 6WRQH  )RU WKH WRSVRLO PRGHO WKH FDOLEUDWLRQ VXEVHW
LQFOXGHGVDPSOHVVHOHFWHGDVWKHPRVWUHSUHVHQWDWLYHVSHFWUDOO\DQGWKHYDOLGDWLRQ
VXEVHWVDPSOHV)RUWKHVXEVRLOPRGHOWKHFDOLEUDWLRQVXEVHWLQFOXGHGVDPSOHV
 DQG WKH YDOLGDWLRQ VXEVHW  VDPSOHV )LWWLQJ WKH VSHFWUD WR WKH62&FRQFHQWUDWLRQV
30 
 
GHWHUPLQHG ZLWK D &+1 HOHPHQWDO DQDO\]HU ZDV SHUIRUPHG XVLQJ SDUWLDO OHDVW VTXDUHV
UHJUHVVLRQ 3/65 0DUWHQV DQG 1DHV  :H WHVWHG FRPPRQ VSHFWUXP SUHSURFHVVLQJ
WHFKQLTXHV LQFOXGLQJ ILUVW DQG VHFRQG GHULYDWLYHV GHWUHQGLQJ VWDQGDUG QRUPDO YDULDWH
WUDQVIRUPDWLRQDQGPXOWLSOLFDWLYHVFDWWHUFRUUHFWLRQEXWWKHEHVWPRGHOVZHUHREWDLQHGZKHQ
QR SUHWUHDWPHQW ZDV DSSOLHG RQ WKH VSHFWUD GDWD QRW VKRZQ 7KHQ FURVVYDOLGDWLRQ ZDV
SHUIRUPHG ZLWKLQ WKH FDOLEUDWLRQ VXEVHW XVLQJ JURXSV WKDW ZHUH UDQGRPO\ VHOHFWHG 
JURXSVLQRUGHUWREXLOGWKHPRGHOXVHGIRUPDNLQJSUHGLFWLRQVRQWKHVDPSOHVQRWDQDO\]HG
LQWKHODERUDWRU\1RRXWOLHUZDVUHPRYHG7KHQXPEHURIFRPSRQHQWVODWHQWYDULDEOHVWKDW
PLQLPL]HG WKH VWDQGDUG HUURU RI FURVVYDOLGDWLRQ 6(&9 ZDV UHWDLQHG IRU WKH 3/65 7KH
SHUIRUPDQFH RI WKHPRGHOVZDV DVVHVVHG RQ WKH YDOLGDWLRQ VXEVHWV XVLQJ WKH FRHIILFLHQW RI
GHWHUPLQDWLRQ5ðDQGWKHVWDQGDUGHUURURISUHGLFWLRQ6(3EHWZHHQSUHGLFWHGDQGPHDVXUHG
YDOXHVDQGDOVRWKHUDWLRRIVWDQGDUGGHYLDWLRQWR6(3GHQRWHG53'DQGWKH53,4ZKLFKLV
WKHUDWLRRISHUIRUPDQFHWR,4LQWHUTXDUWLOHGLVWDQFH LH ,46(3 4±46(3ZKHUH




6XEVRLOPRGHOV SHUIRUPHG EHWWHU WKDQ WRSVRLOPRGHOV 7DEOH , )LJ ,6 ,Q H[WHUQDO
YDOLGDWLRQ53'ZDVKLJKHUWKDQIRUWKHVXEVRLOZKLFKKDVEHHQFRQVLGHUHGDWKUHVKROGIRU
DFFXUDWH1,56SUHGLFWLRQRIVRLOSURSHUWLHV LQ WKH ODERUDWRU\ &KDQJHWDO7KLV53'
WKUHVKROGZDVQRWDFKLHYHGIRUWKHWRSVRLOPRGHOEXW62&FRQFHQWUDWLRQVZHUHSUHGLFWHGIRU

















































































































































































































































































































































































































































OLYLQJ URRWV &RDUVH IUDJPHQWV UHSUHVHQWHG OHVV WKDQ  RI HDFK VRLO PDVV DQG ZHUH
FRQVLGHUHG DV QHJOLJLEOH 0RLVWXUH FRQWHQWV ZHUH GHWHUPLQHG IRU  VRLO FRUHV LH 
VDPSOHVDIWHUKGU\LQJDW&DQGZHUHXVHGWRFDOFXODWHWKHGU\PDVVRIDOOVDPSOHV


















KDYH EHHQ TXDQWLILHG WR D IL[HG GHSWK DV WKH SURGXFW RI VRLO EXON GHQVLW\ GHSWK DQG 62&
FRQFHQWUDWLRQ+RZHYHU LIVRLOEXONGHQVLW\GLIIHUVEHWZHHQWKHWUHDWPHQWVEHLQJFRPSDUHG
WKH IL[HGGHSWK PHWKRG KDV EHHQ VKRZQ WR LQWURGXFH HUURUV (OOHUW HW DO  $ PRUH





OD\HUV       




















ZHUH WKHQVKDNHQKZLWKJODVVEDOOV LQD URWDU\VKDNHUDWUSP7KHVRLO VXVSHQVLRQ
ZDVZHWVLHYHGWKURXJKPDQGPVLHYHVVXFFHVVLYHO\7KHIUDFWLRQVUHPDLQLQJRQ
WKH VLHYHV ZHUH GHQVLW\VHSDUDWHG LQWR RUJDQLF IUDFWLRQV IORDWLQJ LQ ZDWHU DQG UHPDLQLQJ
PLQHUDO IUDFWLRQV7KHPVXVSHQVLRQZDVXOWUDVRQLFDWHGGXULQJPLQZLWKDSUREH
W\SHXOWUDVRXQGJHQHUDWLQJXQLW)LVKHU%LREORFN6FLHQWLILF,OONLUFK)UDQFHKDYLQJDSRZHU
RXWSXW RI  ZDWWV DQG ZRUNLQJ LQ  RSHUDWLQJLQWHUUXSWLRQ LQWHUYDOV 7KLV  P
VXVSHQVLRQZDV WKHQ VLHYHG WKURXJK D PVLHYH7KH UHVXOWLQJP VXVSHQVLRQZDV




P IUDFWLRQ $IWHU D VHWWOLQJ WLPH RI  K DSSUR[LPDWHO\ D VHFRQG DOLTXRW RI  P/ ZDV
UHPRYHGE\ VLSKRQLQJ WKHXSSHUFPRI WKH VXVSHQVLRQ OHIW DIWHU WKH ILUVW VDPSOLQJ7KLV
UHSUHVHQWHGDQDOLTXRWRIWKHPIUDFWLRQ$WKLUGDOLTXRWZDVDOVRFROOHFWHGLQWKHXSSHU
FPDQGFHQWULIXJHGWZRWLPHVPLQDWUSP7KLVDOLTXRWZDVWKHQILOWHUHGDWP
WR JHW WKH K\GURVROXEOH IUDFWLRQ )UDFWLRQV ZHUH WKHQ GULHG DW & ILQHO\ JURXQG
GHFDUERQDWHGDQGDQDO\]HGZLWKD&+1HOHPHQWDODQDO\]HU$ELQRFXODUPLFURVFRSHZDVXVHG
WRFKHFNLIVHSDUDWLRQRIFRDUVHPLQHUDOIUDFWLRQVDQGRIOLJKWRUJDQLFFRDUVHIUDFWLRQV









ZKHUH 62&VDWSRW LV WKH SRWHQWLDO 62& VDWXUDWLRQ PJ & J DQG ZKHUH SDUWLFOHV   P
UHSUHVHQWVWKHSURSRUWLRQRIILQHVRLOSDUWLFOHVP


















FDQ LQFOXGH D SXUH QRLVH UDQGRP RQH $ VRLO SURSHUW\ FDQ EH FRUUHODWHG ZLWK RWKHU









:H ILUVW ILWWHG D /00XVLQJ WKHZKROH VHW RI WKH EXON GHQVLWLHV 62& FRQFHQWUDWLRQV DQG
62&VWRFNVREVHUYDWLRQVDW WKHGLIIHUHQWGHSWKV:HXVHG WKHQOPHSDFNDJH 3LQKHLURHWDO
6RLOFRUH,'ZDVFRQVLGHUHGDVDUDQGRPHIIHFW WR WDNHLQWRDFFRXQWDVDPSOHHIIHFW
7KHVHVRLOSURSHUWLHVZHUHWKHQFRPSDUHGE\GHSWKDQGSHUORFDWLRQFRQWUROWUHHURZLQWHU
URZ $Q $129$ZDV SHUIRUPHG RQ WKHVH PRGHOV:H WKHQ XVHG WKHPXOWFRPS SDFNDJH
+RWKRUQ HW DO  WR SHUIRUP D SRVW KRF DQDO\VLV and GHWHUPLQH ZKLFKPHDQV GLIIHUHG
VLJQLILFDQWO\ EHWZHHQ WKH FRQWURO WUHH URZV DQG LQWHUURZV XVLQJ WKH 7XNH\.UDPHU WHVW
GHVLJQHG IRU XQEDODQFHG GDWD 7R VWXG\ VSDWLDO LQIOXHQFH RQ 62& VWRFNV ³GLVWDQFH WR WKH
FORVHVWWUHH´ZDVDGGHGWRWKH/00PRGHODQGDQ$129$ZDVSHUIRUPHG







D OLNHOLKRRGPHWKRG/DUNHWDO GHVFULEHGKRZWKHPD[LPXPOLNHOLKRRGHVWLPDWRU LV
ELDVHGLQWKHSUHVHQFHRIIL[HGHIIHFWVDQGVXJJHVWHGWKDWWKHUHVWULFWHGPD[LPXPOLNHOLKRRG
HVWLPDWRU5(0/VKRXOGEHDSSOLHG)ROORZLQJ9LOODQQHDXHWDOZHKDYHWHVWHGWKH
DVVXPSWLRQ WKDW WKH UDQGRPHIIHFWV DUH VSDWLDOO\ FRUUHODWHGE\ FRPSDULQJ WKHTXDOLW\ RI WKH
PRGHOILWIRUVSDWLDOO\FRUUHODWHGDQGVSDWLDOO\LQGHSHQGHQWPRGHOVXVXDOO\FDOOHGSXUHQXJJHW
PRGHO :HEVWHU DQG 0F%UDWQH\  VXJJHVWHG WKDW WKH $NDLNH LQIRUPDWLRQ FULWHULRQ
$,&$NDLNHVKRXOGEHXVHG WRFRPSDUHGLIIHUHQWVSDWLDOO\FRUUHODWHGPRGHOV2QFH
WKH SDUDPHWHUV RI WKH /00 KDYH EHHQ ILWWHG WKH\ PD\ EH SOXJJHG LQWR WKH EHVW OLQHDU






FDQ EH XVHG WR FRQILUP WKDW WKHVH DVVXPSWLRQV DUH UHDVRQDEOH DQG WKDW WKH VSDWLDO PRGHO
DSSURSULDWHO\ GHVFULEHV WKH YDULDWLRQ :H WKHUHIRUH FRPSXWHG D µOHDYHRQHRXW FURVV
YDOLGDWLRQ¶)RUHDFKVDPSOLQJORFDWLRQ WKHYDOXHRIWKHSURSHUW\DW ZDV







)LQDOO\ D .UXVNDO:DOOLV WHVW .UXVNDO DQG:DOOLV  ZDV SHUIRUPHG WR DQDO\]H 62&
FRQFHQWUDWLRQ LQ VRLO IUDFWLRQV SHU GHSWK DQG SHU ORFDWLRQ  RU  UHSOLFDWHV 7KLV WHVWZDV
IROORZHGE\DSRVWKRFDQDO\VLVXVLQJ'XQQ¶VWHVW'XQQZLWKD%RQIHUURQLFRUUHFWLRQ
SYDOXH 







&OD\ VLOW DQG VDQG SURILOHV ZHUH YHU\ VLPLODU DW ERWK SORWV )LJ , 6RLO WH[WXUH ZDV









6RLO EXON GHQVLWLHV ZHUH VLJQLILFDQWO\ KLJKHU LQ WKH FRQWURO SORW WKDQ LQ WKH WUHH URZ DW DOO
GHSWKVH[FHSWIRUDQGFPDQGKLJKHUWKDQLQWKHLQWHUURZH[FHSWIRU













DQG ORFDWLRQ LH WUHH URZ YV LQWHUURZ )YDOXH 3ZHUH WKH RQO\ YDULDEOHV
DIIHFWLQJ VLJQLILFDQWO\ 62& FRQFHQWUDWLRQV 'LVWDQFH WR WKH FORVHVW WUHH KDG QR VLJQLILFDQW




VRLO GHSWK H[FHSW LQ WKH  FP VRLO OD\HU ZKHUH QR GLIIHUHQFH ZDV REVHUYHG 62&
FRQFHQWUDWLRQ ZDV VLJQLILFDQWO\ KLJKHU LQ WKH WUHH URZ WKDQ LQ WKH LQWHUURZ WR  FP VRLO
GHSWK
'HSWKFP $JURIRUHVWU\±WUHHURZ $JURIRUHVWU\±LQWHUURZ &RQWUROSORW
 F E D
 E D D
 DE E D
 F E D
 F E D
 E E D
 E E D
 D D D
 E D D





WKH FRQWURO SORW DQG LQ WKH DJURIRUHVWU\ SORW (UURU EDUV UHSUHVHQW VWDQGDUG HUURUV








VWRFNV )LJ ,$Q$129$SHUIRUPHGRQ WKH/00PRGHOFRQILUPHG WKDW62&VWRFNV
ZHUH VLJQLILFDQWO\ LQIOXHQFHGE\ VRLO GHSWK )YDOXH 3 DQG ORFDWLRQ LH WUHH




















































































































































































































































































































































































































































































































































































































































































 FP 62&DFFXPXODWLRQ UDWHV LQ WKH DJURIRUHVWU\ SORW FRPSDUHG WR WKH FRQWUROZHUH
NJ&KD\UIRUDQ(60RI0JKDNJ&KD\UDQ(60RI





7KH$,& 7DEOH ,RI WKH VSDWLDOO\ FRUUHODWHGPRGHOZHUH OHVV WKDQ WKDW RI WKH VSDWLDOO\
XQFRUUHODWHGPRGHOIRUGHSWKVFPDQGFPIRUWKHDJURIRUHVWU\DQGWKHFRQWURO
SORWV LQGLFDWLQJ WKDW VSDWLDO FRUUHODWLRQ VKRXOG EH LQFOXGHG LQ WKHPRGHO RI YDULDWLRQ:H
WHVWHG VHYHUDO PRGHOV RI VSDWLDO YDULDWLRQ DQG UHWDLQHG WKH VSKHULFDO PRGHO :HEVWHU DQG
2OLYHU  )RU WRS VRLO GHSWK RI WKH WZR SORWV  FP WKH $,& RI WKH VSDWLDOO\
XQFRUUHODWHGPRGHOZDV VOLJKWO\ WKH VPDOOHVW LQGLFDWLQJ WKDW WKH UHVLGXDO YDULDWLRQ FRXOG EH
LQGHSHQGHQWRQFHIL[HGHIIHFWVKDGEHHQLQFOXGHGLQWKHPRGHO%XWWKHGLIIHUHQFHZDVYHU\






)LJ ,7KHILWWHGIL[HGHIIHFWV LQGLFDWH WKDW LQDYHUDJH WKH62&VWRFNVZHUH WR



















































































































































































































































































































































































































































































































































































































































































































































































































WKHTXDOLW\RI WKHSDUWLFOHVL]H IUDFWLRQDWLRQ)XUWKHUPRUH WKHYDULDWLRQEHWZHHQVRLO WH[WXUH
DQG VRLO IUDFWLRQDWLRQ ZDV RQO\  GDWD QRW VKRZQ 6RLO VHJPHQWV XVHG IRU VRLO
IUDFWLRQDWLRQKDGVLPLODUWRWDO62&FRQFHQWUDWLRQVFRPSDUHGWRPHDQ62&FRQFHQWUDWLRQVDW


















)RU  FP GHSWK WKH DGGLWLRQDO 2& VWRUHG EHWZHHQ WKH WUHH URZ DQG WKH LQWHUURZZDV
H[SODLQHGDWE\320IUDFWLRQVDWE\VLOWVL]HIUDFWLRQVDQGDWE\FOD\IUDFWLRQ
ZKHUHDVWKHDGGLWLRQDO2&VWRUHGEHWZHHQWKHWUHHURZDQGWKHFRQWUROZDVH[SODLQHGDW
E\ 320 DQG DW  E\ VLOW VL]H IUDFWLRQV )LJ , )RU  FP WKH DGGLWLRQDO 62&









 2UJDQLF IUDFWLRQ )  RUJDQRPLQHUDO IUDFWLRQ     DQG







62& -REEDJ\ DQG -DFNVRQ +DUSHU DQG7LEEHWW  62& VWRFNV REVHUYHG LQ 
FP IURP  WR 0J & KD ZHUH FRPSDUDEOH WR UHSRUWHG YDOXHV IRU WKH0HGLWHUUDQHDQ
UHJLRQ LH  WR 0J&KD 0DUWLQ HW DO 0XxR]5RMDV HW DO $GGLWLRQDO
62& VWRUDJH LQ WKH DJURIRUHVWU\ V\VWHP FRPSDUHG WR WKH DJULFXOWXUDO V\VWHP ZDV PDLQO\
REVHUYHG XS WR  FP VRLO GHSWK LQ WKH LQWHUURZ DQG XS WR  FP LQ WKH WUHH URZ $
FRPSDQLRQ VWXG\ DW WKH VDPH VLWH LQGLFDWHG WKDW  RI DGGLWLRQDO 20 LQSXWV OHDI OLWWHU
DERYHJURXQG DQG EHORZJURXQG ELRPDVV RI WKH QDWXUDO YHJHWDWLRQ LQ WKH WUHH URZ WUHH ILQH
URRWVWRPGHSWKLQWKHDJURIRUHVWU\SORWFRPSDUHGWRWKHFRQWUROSORWZHUHORFDWHGLQWKH
ILUVWFPXQSXEOLVKHGGDWD(YHQLIRIWUHHILQHURRWGHQVLW\ZDVIRXQGEHWZHHQDQG

















GLDFKURQLF VWXGLHV LQ DJURIRUHVWU\ V\VWHPV $Q DOWHUQDWLYH H[SODQDWLRQ FRXOG EH D SRVLWLYH
SULPLQJ HIIHFW LH WKH DFFHOHUDWLRQ RI QDWLYH 62& GHFRPSRVLWLRQ E\ WKH VXSSO\ RI IUHVK




GLIIHUHQWEHORZJURXQGZDWHU UHJLPHEHWZHHQ WKH WZRSORWV:DWHU WDEOHGHSWKDW WKLV VLWH LV
NQRZQWREHYHU\YDULDEOHEHWZHHQWRP$VKDOORZHUZDWHUWDEOHLQWKHDJURIRUHVWU\SORW
FRPSDUHGWRWKHFRQWUROSORWPD\SURPRWHFDSLOODU\DFWLRQDQGWKHUHIRUHFDXVHZHWWLQJGU\LQJ





WKH DJURIRUHVWU\ SORW HYHQ WKRXJK WUHH URZV RQO\ UHSUHVHQWHG  RI WKH VXUIDFH DUHD ,Q D












 FP 0DQDJHPHQW RI WUHH URZV FRXOG WKHUHIRUH KDYH DQ LPSRUWDQW UROH LQ LPSURYLQJ
DJURIRUHVWU\V\VWHPVLQWHUPVRI62&VWRUDJH,PSURYHGJUDVVVSHFLHVFRXOGEHVRZQLQWKH





LQ WKH WUHHURZRU LQ WKH LQWHUURZ7KLVZDVDOVR LQGLFDWHGE\WKHPDSVRI WKH62&VWRFNV
7UHHGHQVLW\ZDVKLJKDWWKLVVLWHDQGZDOQXWVZHUHDERXWPLQKHLJKWZKLFKLVDOVRWKH
GLVWDQFH EHWZHHQ WZR WUHH URZV 7KLV FRXOG H[SODLQ WKH KRPRJHQHRXV GLVWULEXWLRQ RI OHDI
OLWWHUIDOOREVHUYHGLQWKHSORWSHUVRQDOREVHUYDWLRQ,QDVLPLODUDJURIRUHVWU\V\VWHPLQWHUPV
RI WUHH GHQVLW\ LQ &DQDGD %DPEULFN HW DO  DQG 3HLFKO HW DO  DOVR IRXQG QR
HIIHFWRIWKHGLVWDQFHWRWKHWUHHVRQ62&VWRFNVWRFPGHSWK7KH\DOVRVXJJHVWHGWKDWWKH






HW DO F 7KXV ORZHU FDUERQ LQSXWV IURP FURS UHVLGXHV FORVH WR WKH WUHH URZVPD\ EH
FRXQWHUEDODQFHG ZLWK KLJKHU LQSXWV IURP WUHH ILQH URRW PRUWDOLW\ H[SODLQLQJ KRPRJHQHRXV
62&VWRFNVZLWKLQWKHLQWHUURZ3HLFKOHWDO%DPEULFNHWDO,Q WKHWUHHURZ







&RPSDUHG WR RWKHU DJURIRUHVWU\ V\VWHPV KDYLQJ DERXW WKH VDPH WUHH GHQVLW\ D ORZHU 62&
DFFXPXODWLRQ UDWH LQ  FP 0J& KD \UZDV REVHUYHG DW RXU VLWH 3HLFKO HW DO
UHSRUWHGD62&DFFXPXODWLRQUDWHRI0J&KD\UFPLQD\HDUROG
WHPSHUDWHEDUOH\+RUGHXPYXOJDUH/SRSODULQWHUFURSSLQJV\VWHPWUHHVKD,QD
\HDUROG DJURIRUHVWU\ V\VWHP LQ&DQDGDZKHUHSRSODUVZHUH LQWHUFURSSHGZLWK D URWDWLRQRI
ZKHDW 7ULWLFXP DHVWLYXP / VR\EHDQ *O\FLQH PD[ /0HUU DQG FRUQ =HD PD\V /
%DPEULFNHWDOHVWLPDWHGD62&DFFXPXODWLRQUDWHRI0J&KD\UFP
2XU ORZHU DFFXPXODWLRQ UDWH PD\ EH H[SODLQHG E\ ZDUPHU FOLPDWH KLJKHU WHPSHUDWXUHV
HQKDQFLQJ20GHFRPSRVLWLRQ &RQDQW HW DO +DPGL HW DO 0RUHRYHUYDOXDEOH
KDUGZRRGVSHFLHVOLNHZDOQXWWUHHVKDYHDVORZHUJURZLQJUDWHWKDQIDVWJURZLQJVSHFLHVOLNH
SRSODU 7HFN DQG+LOW  DQG WKHUHIRUH IRU D VDPH WUHH DJH WKH DPRXQW RI 2& LQSXWV
OHDIOLWWHUILQHURRWVWRWKHVRLOLVORZHUIRUVORZJURZLQJVSHFLHV
7RJHWKHU ZLWK RWKHU FOLPDWHVPDUW IDUPLQJ SUDFWLFHV /LSSHU HW DO  DOOH\FURSSLQJ
DJURIRUHVWU\V\VWHPVKDYH WKHSRWHQWLDO WRHQKDQFH62&VWRFNVDQG WRFRQWULEXWH WRFOLPDWH
FKDQJHPLWLJDWLRQ1DLUHWDO3HOOHULQHWDO1RWLOOIDUPLQJLVDFRPPRQO\FLWHG
DJULFXOWXUDO SUDFWLFH VXSSRVHG WR KDYH D SRVLWLYH LPSDFW RQ 62& VWRFNV %XW UHFHQW PHWD
DQDO\VHVVKRZHGWKLVSUDFWLFHKDGQRHIIHFWRQ62&VWRFNVWRFPGHSWK/XRHWDORU
D VPDOOHU RQH 0J&KD \U WR  FPGHSWK WKDQ SUHYLRXVO\ HVWLPDWHG 9LUWR HW DO
$PHWDDQDO\VLV DOVR UHYHDOHG WKDW WKH LQFOXVLRQRI FRYHU FURSV LQ FURSSLQJ V\VWHPV
FRXOGDFFXPXODWH62&DWDUDWHRI0J&KD\UWRDGHSWKRIFP3RHSODX
DQG'RQ$WRXUVLWHZHIRXQGDPHDQ62&DFFXPXODWLRQUDWHRILQFPLQ
WKH LQWHUURZVFRPSDUHGWR WKHFRQWURO7KLVUDWHUHDFKHG0J&KD\U IRU WKHZKROH
DJURIRUHVWU\ V\VWHP$ FRPSDQLRQ VWXG\ DW WKLV VLWH HVWLPDWHG WKDW WKH WUHH DERYHJURXQG&















PZDVHQULFKHG LQ&DWGHSWKFRPSDUHGZLWK WUHHOHVVV\VWHPV%XWRQ WKHRWKHUKDQG
+RZOHWWHWDOGLGQRWREVHUYHDQ\GLIIHUHQFHIRUWKHVDPHVRLOIUDFWLRQLQD\HDUROG





VWXG\ GLVUXSWHGPDFURDJJUHJDWHV YRQ/W]RZ HW DO  DQG SDUW RI WKLV ODELOH IUDFWLRQV
FRXOG EH ORFDWHGZLWKLQ WKHPDQG WKHUHIRUH EHSK\VLFDOO\ SURWHFWHG IURPGHFRPSRVLWLRQ E\
VRLOPLFURRUJDQLVPV  3XJHW HW DO  6L[ HW DO D)XUWKHUZRUNZLOO IRFXV RQ WKLV
DVSHFWLQRUGHUWRHVWLPDWHWKHDPRXQWRISDUWLFXODWHRUJDQLFPDWWHUORFDWHGLQVRLODJJUHJDWHV
&DOFXODWLRQ RI 62& VDWXUDWLRQ UHYHDOHG D KLJK GHILFLW RI 62&RI WKLV VRLO FRPSDUHG WR WKH
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)LJXUH ,6 &DUERQ FRQFHQWUDWLRQ RI EXON IUDFWLRQDWHG VDPSOHV (UURU EDUV UHSUHVHQW
VWDQGDUGHUURUVQ LQWKHFRQWUROQ LQWKHLQWHUURZDQGLQWKHWUHHURZ

)LJXUH ,6 &DUERQ FRQFHQWUDWLRQ PJ & J IUDFWLRQ RI HDFK VRLO IUDFWLRQ (UURU EDUV
UHSUHVHQW VWDQGDUG HUURUV Q  LQ WKH FRQWURO Q  LQ WKH LQWHUURZDQG LQ WKH
WUHHURZ2) 2UJDQLFIUDFWLRQ) RUJDQRPLQHUDOIUDFWLRQ0HDQVIROORZHG



















WHPSRUDO RU VSDWLDO DVVRFLDWLRQV LQ WKH VDPH ILHOG%HVLGHV SURGXFLQJ IRRG DQGZRRG WKHVH











PRUH WKDQVRLOF\OLQGHUV6DPSOLQJGHSWK UDQJHG IURP WRFPZLWKDQDYHUDJH
VDPSOLQJ GHSWK RI  FP 7UHH DERYHJURXQG ELRPDVV ZDV PHDVXUHG LQ DOO VLWHV DQG
EHORZJURXQG ELRPDVV ZDV HVWLPDWHG XVLQJ DQ DOORPHWULF HTXDWLRQ 7KH PHDQ 62&
DFFXPXODWLRQUDWHLQDOOH\FURSSLQJDJURIRUHVWU\V\VWHPVZDVNJ&KD\ULQ
FP<RXQJV\VWHPVFDQDOVRVWRUH62&TXLFNO\DIWHUWUHHHVWDEOLVKPHQWQRWWKURXJKWKHWUHHV
EXW WKURXJK WKHKHUEDFHRXVYHJHWDWLRQJURZLQJ LQ WKH WUHH URZVDSHUPDQHQWJUDVVODQGOLNH
ODQGXVHLQWURGXFHGDVDQLQGLUHFWFRQVHTXHQFHRIWUHHURZV,QROGSODQWDWLRQV&VWRFNVLQWKH





ODQG VLQN VRLO  YHJHWDWLRQ DEVRUEV DERXW  RI WKH FDUERQ HPLWWHG WR WKH DWPRVSKHUH
WKURXJK WKHEXUQLQJRI IRVVLO IXHO DQGFHPHQWSURGXFWLRQ /H4XpUp HW DO %XW VLQFH
WKHGHSOHWLRQRI62&SRROLQFXOWLYDWHGODQGVKDVFRQWULEXWHGWRDERXW*W&WRWKH




RQ WKHK\SRWKHVLV WKDW WKHTXDQWLW\RIVWDEOH62&LQDVRLO LV OLPLWHGE\ WKHDPRXQWRI ILQH
SDUWLFOHV $QJHUV HW DO  IRXQG WKDW WKH PHGLDQ VDWXUDWLRQ GHILFLW RI )UHQFK DUDEOH
WRSVRLOV ZDV  J & NJ $ERXW  RI )UHQFK DJULFXOWXUDO WRSVRLOV ZRXOG WKHQ EH
XQVDWXUDWHG LQ 62& DQG KDYH WKXV D SRWHQWLDO IRU DGGLWLRQDO 62& VWRUDJH ,QFUHDVLQJ 62&
VWRFNVLVRIWHQVHHQDVDZLQZLQVWUDWHJ\-DQ]HQ/DODVLWDOORZVWKHWUDQVIHURI
&2IURPWKHDWPRVSKHUHWRWKHVRLOZKLOHHQKDQFLQJVRLOTXDOLW\DQGIHUWLOLW\/DO
6HYHUDO DJULFXOWXUDO SUDFWLFHV HQKDQFLQJ 62& VWRFNV KDYH EHHQ LGHQWLILHG )RU LQVWDQFH
LQWURGXFWLRQRIFRYHUFURSV&RQVWDQWLQHWDO3RHSODXDQG'RQDQGRIJUDVVODQGV
&RQDQW HW DO  6RXVVDQD HW DO  LQ WKH FURSSLQJ VHTXHQFH KDYH VKRZQ WR EH
HIIHFWLYH 7KH HIIHFW RI QRWLOO IDUPLQJ RQ 62& VWRFNV LV KLJKO\ YDULDEOH /XR HW DO 
9LUWRHWDO'LPDVVLHWDODQGUHOLHVRQWKHDPRXQWRIWKHFURS&LQSXWVWRWKHVRLO
9LUWR HW DO $JURIRUHVWU\ V\VWHPV LH DJURHFRV\VWHPV DVVRFLDWLQJ WUHHVZLWK FURSV
55 
 






DJULFXOWXUDO SORW &DUGLQDHO HW DO D ,Q (XURSH HVWLPDWHV RI 62& VWRUDJH XQGHU
DJURIRUHVWU\ V\VWHPV DUH VFDUFH +RZOHWW HW DO 8SVRQ DQG%XUJHVV DQG WKXV LW
UHPDLQVGLIILFXOWWRHYDOXDWHWKHLPSDFWRIWKLVSUDFWLFH3HOOHULQHWDO
7KHREMHFWLYHVRI WKLV VWXG\ZHUH L WRTXDQWLI\62&VWRFNV LQ DJURIRUHVWU\ V\VWHPVDQG LQ











/RQJLWXGH ¶¶¶ ( /DWLWXGH ¶¶¶ 1 HOHYDWLRQ  P DVO 7KH DYHUDJH
WHPSHUDWXUH LV & DQG WKH DYHUDJH DQQXDO UDLQIDOO LV PP \HDUV  ,15$
&/,0$7,. 7KH VRLO LV D VLOW\ ORDP 7DEOH , /XYLVRO ,866:RUNLQJ *URXS:5%
+\EULGZDOQXW-XJODQVUHJLDîQLJUDFY1*WUHHVZHUHSODQWHGLQ)HEUXDU\
DW DGHQVLW\RI WUHHVKD7KHGLVWDQFHEHWZHHQ WZR WUHH URZVZDVPDQG WUHHVZHUH
SODQWHGHYHU\PDORQJWKH WUHHURZV$PL[RIUD\JUDVV/ROLXPSHUHQQH/ DQGRI WDOO
IHVFXH )HVWXFD DUXQGLQDFHD 6FKUHE ZDV VRZQ LQ WKH WUHH URZV EHIRUH WUHH SODQWLQJ LQ
$XJXVWRQDZLGWKRIP,QWKHFRQWUROSORWDQGLQWKHLQWHUURZVDURWDWLRQRIZKHDW
7ULWLFXPDHVWLYXP/VXEVSDHVWLYXPDQGUDSHVHHG%UDVVLFDQDSXV /ZDVFURSSHG7DEOH





7KH VHFRQG VLWH 0(ZDV ORFDWHG LQ0HOOH )LJ , LQ WKH GHSDUWPHQW RI'HX[6qYUHV
/RQJLWXGH ¶¶¶ : /DWLWXGH ¶¶¶ 1 HOHYDWLRQ  P DVO 7KH DYHUDJH
WHPSHUDWXUH LV & DQG WKH DYHUDJH DQQXDO UDLQIDOO LV PP \HDUV  ,15$
&/,0$7,. 7KH VRLO LV D VLOW\ ORDP 7DEOH , /XYLVRO ,866:RUNLQJ *URXS:5%
 +\EULG ZDOQXW -XJODQV UHJLD î QLJUD FY1* WUHHV ZHUH SODQWHG LQ  DW D
GHQVLW\RIWUHHVKD7KHGLVWDQFHEHWZHHQWZRWUHHURZVZDVPDQGWUHHVZHUHSODQWHG
HYHU\PDORQJ WKH WUHH URZV6KHHS IHVFXH )HVWXFDRYLQD/ZDV VRZQ LQ WKH WUHH URZV
EHIRUHWUHHSODQWLQJRQDZLGWKRIP,QWKHFRQWUROSORWDQGLQWKHLQWHUURZVDURWDWLRQRI
ZKHDW 7ULWLFXP DHVWLYXP / VXEVS DHVWLYXP UDSHVHHG %UDVVLFD QDSXV / ZKHDW DQG
VXQIORZHU+HOLDQWKXVDQQXXVZDVFURSSHG7DEOH,VLQFH WKH WUHHSODQWLQJ7KHPHDQ
\LHOGZDV  W KD IRUZKHDW  W KD IRU UDSHVHHG DQG  W KD IRU VXQIORZHU&URS
UHVLGXHVZHUHPRVWRIWKHWLPHFROOHFWHGEXWFRXQWHUEDODQFHGE\PDQXUH%HIRUHFURSVZHUH
VRZQLQVSULQJVXQIORZHUDFRYHUZDVHVWDEOLVKHGGXULQJZLQWHUWRSUHYHQWVRLOHURVLRQDQG
QLWUDWH OHDFKLQJ 7KLV FRYHU FURS ZDV D PL[ RI UDGLVK 5DSKDQXV VDWLYXV / SKDFHOLD
3KDFHOLD WDQDFHWLIROLD%HQWKDQGPXVWDUG6LQDSLVDOED/7KHVRLOZDVSORXJKHGHYHU\
\HDUGRZQWRFPVRLOGHSWK,WKDVWREHQRWHGWKDWDWWKLVVLWHWKHDJURIRUHVWU\V\VWHPZDV
HVWDEOLVKHG LQDZHDNVORSS\SDUWRI WKHILHOGZKLOH WKHFRQWUROSORWZDV LQD IODWDUHD7KH
DUHD ZKHUH WKH DJURIRUHVWU\ SORW ZDV HVWDEOLVKHG FRXOG KDYH EHHQ HURGHG FRPSDUHG WR WKH
FRQWUROSORW
7KH WKLUG VLWH 6- ZDV ORFDWHG LQ 6DLQW-HDQG¶$QJpO\ )LJ , LQ WKH GHSDUWPHQW RI
&KDUHQWH0DUWLPH /RQJLWXGH ¶¶¶:/DWLWXGH ¶¶¶1 HOHYDWLRQ PDVO
7KHDYHUDJH WHPSHUDWXUH LV&DQG WKHDYHUDJHDQQXDO UDLQIDOO LVPP\HDUV
 ,15$&/,0$7,. 7KH VRLO LV D FDUERQDWHG VLOW\ FOD\ 7DEOH , /XYLVRO ,866
:RUNLQJ*URXS:5%%ODFNZDOQXW-XJODQVQLJUD/WUHHVZHUHSODQWHGLQDWD
GHQVLW\RIWUHHVKD7KHGLVWDQFHEHWZHHQWZRWUHHURZVZDVPDQGWUHHVZHUHSODQWHG
HYHU\ P DORQJ WKH WUHH URZV 7UHH URZV ZHUH PZLGH DQG ZHUH FRYHUHG E\ D QDWXUDO
KHUEDFHRXV YHJHWDWLRQ ,Q WKH FRQWURO SORW DQG LQ WKH LQWHU URZV D URWDWLRQ RI VXQIORZHU
+HOLDQWKXVDQQXXV/ZKHDW7ULWLFXPDHVWLYXP/VXEVSDHVWLYXPDQGEDUOH\+RUGHXP





)LJXUH , /RFDWLRQ DQG GHVFULSWLRQ RI WKH VL[ VWXG\ FDVHV XQGHU DJURIRUHVWU\ V\VWHPV
VDPSOHGLQ)UDQFH

7KH IRXUWK VLWH 7+ZDV ORFDWHG LQ 7KHL[ )LJ , LQ WKH GHSDUWPHQW RI 3X\GH'{PH
/RQJLWXGH ¶¶¶ ( /DWLWXGH ¶¶¶ 1 HOHYDWLRQ  P DVO 7KH DYHUDJH
WHPSHUDWXUH LV & DQG WKH DYHUDJH DQQXDO UDLQIDOO LV  PP \HDUV  ,15$


























































































































































































































































































































































































































































































































































































































7KH ILIWK VLWH 9( ZDV ORFDWHG LQ 9p]pQREUHV )LJ , LQ WKH GHSDUWPHQW RI *DUG
/RQJLWXGH¶¶¶(/DWLWXGH¶¶¶1HOHYDWLRQPDVO7KHFOLPDWH LV VXE
KXPLG0HGLWHUUDQHDQZLWKDQDYHUDJHWHPSHUDWXUHRI&DQGDQDYHUDJHDQQXDOUDLQIDOORI




ZHUH FRYHUHG E\ D QDWXUDO KHUEDFHRXV YHJHWDWLRQ ,Q WKH LQWHU URZV D URWDWLRQ RI UDSHVHHG
%UDVVLFDQDSXV /DQGZKHDW7ULWLFXPDHVWLYXP/VXEVSDHVWLYXPZDVFURSSHGWLOO
7DEOH , ,Q  WKH IDUP WXUQHG WR DQ RUJDQLF IDUP DQG SRWDWRHV ZHUH SODQWHG
6RODQXPWXEHURVXP/,QLQWHUURZVZHUHRFFXSLHGE\JDUOLF$OOLXPVDWLYXP/LQ
WKH\ZHUHOHIWLQIDOORZDQGLQVXQIORZHU+HOLDQWKXVDQQXXV/ZDVVRZQ,QWKH




 LQ WKHGHSDUWPHQWRI+pUDXOW /RQJLWXGH¶(/DWLWXGH¶1HOHYDWLRQP
DVO 7KLV VLWH ZDV IXOO\ GHVFULEHG DQG VWXGLHG E\ &DUGLQDHO HW DO D %ULHIO\ WKH
FOLPDWH LV VXEKXPLG0HGLWHUUDQHDQZLWKDQDYHUDJH WHPSHUDWXUHRI&DQGDQDYHUDJH
DQQXDO UDLQIDOO RI  PP \HDUV ± 7KH VRLO LV D GHHS FDUERQDWHG VDQG\ ORDP
7DEOH ,)OXYLVRO ,866:RUNLQJ*URXS:5%+\EULGZDOQXW -XJODQV UHJLD î
QLJUDFY1*WUHHVZHUHSODQWHGLQDWDFXUUHQWGHQVLW\RIWUHHVKD7DEOH,







EXW DW WKH VDPH WLPH LW KDG WR UHPDLQ FRQVLVWHQW WR DOORZ FRPSDULVRQV EHWZHHQ VLWHV $
VDPSOLQJSDWWHUQZDVUHSHDWHGWKUHHWLPHVLQWKHDJURIRUHVWU\SORWVRIDOOVLWHV7KHVDPSOLQJ






WKH GLVWDQFH EHWZHHQ WZR WUHHV LQ WKH WUHH URZ GZDV HTXDOHG RU KLJKHU WKDQ P D VRLO
VDPSOHZDV WDNHQ DWPLGGLVWDQFH  ,Q WKH FRQWURO SORWV D VDPSOLQJ SDWWHUQZDV UHSHDWHG
WKUHH WLPHV 7KH VDPSOLQJ SDWWHUQZDV D UHFWDQJOHZLWK WKH GLPHQVLRQV  6RLO VDPSOHV








6RLO VDPSOHV ZHUH WDNHQ XVLQJ D F\OLQGHU  FP HYHU\  FP (DFK VRLO VDPSOH ZDV








6RLO VDPSOHV ZHUH EDOO PLOOHG XQWLO WKH\ SDVVHG D  P PHVK VLHYH ,I VRLO FRQWDLQHG











%HWWDQ\  7KLV PHWKRG DOORZHG XV FRPSDULQJ ORFDWLRQV FRQWURO WUHH URZ LQWHUURZ
ZLWK GLIIHUHQW VRLO EXON GHQVLWLHVZLWKLQ WKH VDPH VLWH 62& VWRFNV LQ WKH DJURIRUHVWU\ SORW











SRVVLEOH WR FKRS GRZQ WUHHV LQ IDUPHUV¶ ILHOGV DERYHJURXQG ELRPDVV ZDV DSSUR[LPDWHG
PXOWLSO\LQJ WKHYROXPHRI WUXQN DQGEUDQFKHVE\ WKHZRRGGHQVLW\ XVLQJ WKHJOREDOZRRG
GHQVLW\ GDWDEDVH =DQQH HW DO  &KDYH HW DO  7KH YROXPH RI WKH WUXQN ZDV










7R RXU NQRZOHGJH QR DOORPHWULF HTXDWLRQ LV DYDLODEOH IRU WHPSHUDWH DJURIRUHVWU\ WUHHV
7XPZHED]HHWDO7RKDYHDQHVWLPDWHRIWKHWRWDOEHORZJURXQGELRPDVVRIWKHWUHHV








WUHHV RQ62&FRQFHQWUDWLRQV EXONGHQVLWLHV DQG62&VWRFNV)RU WKLV SXUSRVHZH ILWWHG D








EXON GHQVLWLHV DQG62& VWRFNV7KHVH VRLO SURSHUWLHVZHUH FRPSDUHG E\ GHSWK E\ ORFDWLRQ
FRQWUROWUHHURZLQWHUURZDQGE\GLVWDQFHWRWKHFORVHVWWUHH$Q$129$ZDVSHUIRUPHG











62&FRQFHQWUDWLRQZDVKRPRJHQHRXV 7DEOH , ,6$W DOO VLWH62&FRQFHQWUDWLRQV
ZHUHVLJQLILFDQWO\KLJKHULQFPLQWKHWUHHURZWKDQLQWKHLQWHUURZ)RUKDOIRIWKHVLWHV
&+6-5(62&FRQFHQWUDWLRQV LQFPZHUHDOVRKLJKHU LQ WKH LQWHU URZWKDQ LQ WKH
FRQWURO$WWKH9(DQG7+VLWHVWKHLQFUHDVHEHWZHHQWKHLQWHUURZDQGWKHFRQWUROZDVRQO\

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































&DUERQ FRQFHQWUDWLRQV RI WKH WUXQN DQG EUDQFKHV RI -XJODQV UHJLDî QLJUD FY1*ZHUH
   DQG   PJ & J UHVSHFWLYHO\ 2UJDQLF FDUERQ VWRFNV LQ WKH WUHHV
UDQJHG IURP  WR  NJ & WUHH EHWZHHQ WKH GLIIHUHQW VLWHV 7DEOH , 7RWDO FDUERQ








V\VWHPV DOO VLWHV H[FHSW WKH JUDVVODQG VLWH 7+ ,Q \RXQJ SODQWDWLRQV ELRPDVV &




:KHQ FRPSDULQJ WUHH URZV WR WKH FRQWURO SORWV D FOHDU SRVLWLYH UHODWLRQVKLS EHWZHHQ GHOWD
























































































































































































































































































































































































































































































































































































































































































WKH0( VLWH LVZLWKRXW GRXEW GXH WR D EDG FKRLFH IRU WKH FRQWURO SORW 7KH DUHDZKHUH WKH
DJURIRUHVWU\SORWZDVHVWDEOLVKHGZDVSUREDEO\HURGHGFRPSDUHGWRWKHFRQWUROSORWEHIRUHWKH
HVWDEOLVKPHQWRIWKHH[SHULPHQW7UHHURZVZHUHVSDFHGRIPDQGWUHHVZHUHPKHLJKW






 NJ & KD \U SUHYLRXVO\ HVWLPDWHG 7KLV UHHYDOXDWLRQ DSSHDUV PRUH FRUUHFW LI ZH
FRQVLGHUWKHFRQWUROSORWLQ0(ZDVQRWDGHTXDWH7KLVHVWLPDWHLVDELWORZHUWKDQSUHYLRXVO\
VXJJHVWHGIRUDJURIRUHVWU\V\VWHPVLQ)UDQFH0J&KD\UE\3HOOHULQHWDOEXW
LV LQ WKH VDPH RUGHU RI PDJQLWXGH 7KLV HVWLPDWH LV DOVR D ELW ORZHU WKDQ UHSRUWHG E\
2HOEHUPDQQ HW DO  LQ D &DQDGLDQ DOOH\ FURSSLQJ V\VWHP DVVRFLDWLQJ K\EULG SRSODUV
3RSXOXVGHOWRLGHVîQLJUD'1 DQGDZKHDW 7ULWLFXPDHVWLYXP/ VR\EHDQ *O\FLQH
PD[/DQGPDL]H=HDPD\V/URWDWLRQ7KHVHUDWHVZHUHDQG0J&KD\ULQ
 DQG  FP UHVSHFWLYHO\ *OREDOO\ RXU HVWLPDWH LV ORZHU WKDQ PRVW RI SXEOLVKHG
UHVHDUFKRQWKLVWRSLF/RUHQ]DQG/DO)RULQVWDQFH3HLFKOHWDOUHSRUWHGD62&
DFFXPXODWLRQ UDWH RI  0J& KD \U LQ  FP LQ D K\EULG SRSODUEDUOH\ +RUGHXP
YXOJDUH/ DJURIRUHVWU\ V\VWHP%XW WRJHWKHUZLWK&DUGLQDHO HW DO DZH SURYLGH WKH
ILUVWHVWLPDWLRQRI62&XVLQJDQHTXLYDOHQWVRLOPDVVEDVLVDPRUHDFFXUDWHPHWKRGZKHQVRLO




7KHSHUPDQHQWFRYHU LQ WKH WUHHURZVKDGDQ LPSRUWDQW LPSDFWRQ62&DFFXPXODWLRQUDWHV
FRQWULEXWLQJ XS WR  RI DGGLWLRQDO 62& VWRUDJH LQ WKH DJURIRUHVWU\ SORW FRPSDUHG WR
DJULFXOWXUDO SORW 7KLV KHUEDFHRXV YHJHWDWLRQ FDQ EH FRPSDUHG WR D SHUPDQHQW JUDVVODQG D
W\SHDODQGXVHWKDWZDVVKRZHGWREHYHU\HIILFLHQWLQWHUPVRI62&VWRUDJH &RQDQWHWDO









KDUYHVWHG GXH WR GLIILFXOWLHV RI PHFKDQL]DWLRQ DURXQG WKH WUHHV DQG WKHUHIRUH QRW
HFRQRPLFDOO\SURGXFWLYH%XWLWVKRXOGEHSRVVLEOHIRULQVWDQFHWRLQWURGXFHJUD]LQJDQLPDOV
LQWUHHURZVGXULQJDJLYHQVHDVRQLQWKH\HDUHQKDQFLQJSURGXFWLYLW\DQGHFRQRPLFDOUHWXUQV




RI WKH V\VWHP WKURXJK WKHSHUPDQHQWFRYHU LQ WKH URZVDQ LQGLUHFW FRQVHTXHQFHGXH WR WKH
SODQWDWLRQRIWUHHVLQSDUDOOHOURZV7UHHVZLOOWDNHRYHULQWKH&VWRUDJHSURFHVVRQWKHORQJ
WHUP ERWK LQ VRLOV DQG LQ WKH ELRPDVV 7KLV FKDUDFWHULVWLF RI DOOH\ FURSSLQJ DJURIRUHVWU\




7KH DJURIRUHVWU\ V\VWHP HVWDEOLVKHG LQ DQ DQGRVRO RQ D SHUPDQHQW JUDVVODQG VKRZHG QR
DGGLWLRQDO 62& LQ WKH ILUVW  FP FRPSDUHG WR D WUHHOHVV JUDVVODQG 7KLV VLWH KDG EHHQ D
SDVWXUH IRU GHFDGHV 62& FRQWHQWV DUH YHU\ KLJK DQG WKH VRLOZDV SUREDEO\ VDWXUDWHG LQ&
PHDQLQJWKDWWKHVRLOFRXOGQRWVWRUHDGGLWLRQDOFDUERQ+DVVLQN,QDQDQGRVRO'XEHHW
DO  DOVR IRXQGQR HIIHFW RI D VLOYRSDVWRUDO V\VWHPFRPSDUHG WR D QDWXUDO SDVWXUH RQ
62&WRFPGHSWK$WRXUVLWHZHRQO\IRXQGDVLJQLILFDQWHIIHFWRIDJURIRUHVWU\RQ62&
VWRFNV EHWZHHQ  DQG  FP:H VXJJHVW WKDW GHHS VRLO OD\HUV LQ JUDVVODQGV DUH OHVV &
VDWXUDWHG WKDQ WRSVRLO OD\HUV DQG WUHH URRWV FDQ WKHUHIRUHFRQWULEXWH WRDGGLWLRQDO VWRUDJHDW








RI RXU VLWHV 7KH UHVLGHQFH WLPH RI & LQ WKH KDUYHVWHG ELRPDVV ZLOO GHSHQG RQ WKH IDWH RI
ZRRG\SURGXFWVEXWFDQUHDFKPDQ\GHFDGHVIRUWLPEHUZRRG3URIIWHWDO%DXKXVHW
DO  %UDQFKHV WKDW DUH QRW VXLWHG IRU WLPEHU SURGXFWLRQ FRXOG LQVWHDG EH XVHG DV D
VXEVWLWXWLRQRI IRVVLO IXHO WRSURGXFHHQHUJ\ 0DUODQGDQG6FKODPDGLQJHU5HSODFLQJ
IRVVLO IXHOVE\ UHQHZDEOHELRPDVVSURGXFHG LQ DJURIRUHVWU\KDV D JUHDW SRWHQWLDO SURYLGLQJ






UDWKHU ODELOH IUDFWLRQV %DOHVGHQW HW DO  %XW SDUWLFOHVL]H IUDFWLRQDWLRQ VKRXOG EH
SHUIRUPHG LQ RWKHU DJURIRUHVWU\ V\VWHPV WR DOORZ D JHQHUDOL]DWLRQ RI WKLV SKHQRPHQRQ
6WDELOL]DWLRQSURFHVVPD\EHGLIIHUHQWGHSHQGLQJRQWKHVRLOW\SHHVSHFLDOO\LQDQGRVROVULFK
LQDOORSKDQHV&KHYDOOLHUHWDO+RZHYHUFDOFXODWLRQRI62&VDWXUDWLRQDWWKH5(VLWH
UHYHDOHG D KLJK GHILFLW RI 62& FRPSDUHG WR WKH WKHRUHWLFDO YDOXH VXJJHVWLQJ WKDW
DFFXPXODWLRQ RI 62& GXH WR WKH DJURIRUHVWU\ V\VWHP FRXOG FRQWLQXH IRU GHFDGHV EHIRUH
UHDFKLQJVDWXUDWLRQ &DUGLQDHOHWDOD7KH ORFDWLRQRIDQ LPSRUWDQWSDUWRIDGGLWLRQDO
62&VWRUDJHLQWKHWUHHURZVDQGLQWKHWRSVRLOOD\HUVPDNHWKHVWRUDJHYXOQHUDEOHWRIXWXUH
ODQG XVH FKDQJH $GGLWLRQDO FDUERQ ZLOO EH VWRUHG DV ORQJ DV DJURIRUHVWU\ V\VWHPV DUH
PDLQWDLQHGEXWZLOOEHORVWLIWUHHURZVDUHFXOWLYDWHGDIWHUWKHWUHHKDUYHVW$WWKH5(VLWHLW










GHPRQVWUDWHG WKDW LQRUJDQLF QXWULHQW DYDLODELOLW\ZDV FULWLFDO WR VWRUH 62& LQ D VWDEOH IRUP
.LUNE\HWDO .LUNE\HW DOGH9ULHV6WXGLHGDJURIRUHVWU\ V\VWHPVZHUH
PDQDJHGLQFRQYHQWLRQDOIDUPLQJLHXVLQJFKHPLFDOIHUWLOL]HUV)XWXUHH[SHULPHQWDOVLWHVLQ
DJURIRUHVWU\ VKRXOG EH LPSOHPHQWHG XVLQJ QLWURJHQ IL[LQJ WUHHV 7KHVH WUHHVPD\ KDYH WKH
SRWHQWLDO WR UHGXFH WKH QHHG IRU1 IHUWLOL]HU IRU WKH FURSZKLOH HQKDQFLQJ WKH IRUPDWLRQ RI








6LWH )YDOXH 3U!) )YDOXH 3U!) )YDOXH 3U!)
&+      
0(      
6-      
7+      














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LQ DJURIRUHVWU\ V\VWHPV2XU DLPZDV WR FRPSDUH ILQH URRWGLVWULEXWLRQV DQGRULHQWDWLRQV LQ
WUHHV JURZQ LQ DQ DOOH\ FURSSLQJ DJURIRUHVWU\ VWDQG ZLWK WKRVH LQ D WUHH PRQRFXOWXUH
)LHOGZRUNZDVFRQGXFWHGLQ WZRDGMDFHQW\HDUROGK\EULGZDOQXW-XJODQVUHJLDîQLJUD
/ VWDQGV LQ VRXWKHUQ )UDQFH WKH DJURIRUHVWU\ VWDQG ZDV LQWHUFURSSHG ZLWK GXUXP ZKHDW
7ULWLFXPWXUJLGXP/VXEVSGXUXPZKHUHDVWKHWUHHPRQRFXOWXUHKDGDQDWXUDOXQGHUVWRUH\
5RRW LQWHUFHSWVZHUHPDSSHG WRDGHSWKRIFPRQ WUHQFKZDOOV LQERWKVWDQGVDQG WRD
GHSWKRIFPLQWKHDJURIRUHVWU\VWDQGLQRUGHUWRFKDUDFWHULVHWUHHURRWGLVWULEXWLRQEHORZ
WKHFURS¶VPD[LPXPURRWLQJGHSWK6RLOFXEHVZHUHWKHQH[WUDFWHGWRDVVHVVWKUHHGLPHQVLRQDO














 SOD\ D IXQGDPHQWDO UROH LQ WKH SURYLVLRQ RI PXOWLSOH VHUYLFHV LQ WUHHEDVHG
DJURHFRV\VWHPV 7KH DEVRUSWLYH IXQFWLRQ RI ILQH URRWV IRU ZDWHU DQG QXWULHQWV +LQVLQJHU
1HZPDQDQG+DUWLVFORVHO\DVVRFLDWHGZLWKDERYHJURXQGWUHHSHUIRUPDQFHDQG
LV WKXV HVVHQWLDO IRU ZRRG DQG IUXLW SURGXFWLRQ LQ PL[HG LQWHUFURSSLQJ V\VWHPV LH WUHHV
JURZQLQDVVRFLDWLRQZLWKDQDQQXDOFURS)LQHURRWVDUHDOVRWKHPRVWDFWLYHSDUWRIWUHHURRW
V\VWHPVZLWK UHJDUG WR FDUERQG\QDPLFVPDLQO\ WKURXJKSURGXFWLRQ UHVSLUDWLRQ H[XGDWLRQ
DQGGHFRPSRVLWLRQ1RUE\HWDO'HVURFKHUVHWDO0DUVGHQHWDO+REELHHW
DODQG WKXVFDQSOD\DPDMRU UROH LQFDUERQVHTXHVWUDWLRQ.X]\DNRYDQG'RPDQVNL
 5DVVH HW DO  HVSHFLDOO\ LQ DJURIRUHVWU\ V\VWHPV 1DLU HW DO  +DLOH HW DO

7R EHWWHU HYDOXDWH WKH VHUYLFHV RI WUHHEDVHG DJURHFRV\VWHPV FKDUDFWHULVLQJ WKH VSDWLDO
GLVWULEXWLRQ RI ILQH URRWV LV YLWDO 0RUHQR HW DO 0XOLD DQG'XSUD] 8SVRQ DQG
%XUJHVV  ,QPL[HG WUHHV DQG FURS V\VWHPV WKH DERYHJURXQG SHUIRUPDQFH RI WUHHV LV
OLQNHGWRWKHDPRXQWRIFRPSHWLWLRQH[SHULHQFHGHVSHFLDOO\ZLWKUHJDUGWRURRWV\VWHPV7KLV
FRPSHWLWLRQ GHSHQGV ODUJHO\ RQ WKH VSDWLDO GLVWULEXWLRQ RI URRWV ZKLFK LV PRGLILHG LI
FRPSHWLWLRQLVKLJK0XOLDDQG'XSUD]6SDWLDOURRWGLVWULEXWLRQDQGGHQVLW\KDYHEHHQ
VWXGLHG FRQVLGHUDEO\ LQ PRQRFXOWXUDO WUHH VWDQGV XVLQJ ERWK REVHUYDWLRQDO DQG PRGHOOLQJ
DSSURDFKHV +RIIPDQQ DQG 8VROWVHY  =LDQLV HW DO  %\ XVLQJ VLPSOH VWDWLVWLFDO
WRROVDQGHVWDEOLVKLQJDOORPHWULFHTXDWLRQVVHYHUDOVWXGLHV IRXQG WKDW URRWGHQVLW\ LQFUHDVHV
VLJQLILFDQWO\ZLWKJUHDWHUWUHHVL]HDQGGHFUHDVHVZLWKGLVWDQFHWRWUHHVWHPDQGLQFUHDVLQJVRLO





,Q WHPSHUDWH DJURIRUHVWU\ V\VWHPV FURS VSHFLHV DUH XVXDOO\ FXOWLYDWHGEHWZHHQSDUDOOHO WUHH




YHUWLFDOO\ DQG KRUL]RQWDOO\ GXH WR FRPSHWLWLRQZLWK FURS URRWV &DVSHU DQG -DFNVRQ 
)HUQiQGH] HW DO  WKDW FRXOG UHGXFH WKH DYDLODELOLW\ RIZDWHU DQG QXWULHQWV LQ WKH VRLO
6FKURWKYDQ1RRUGZLMNHWDO%HORZJURXQGFRPSHWLWLRQRIURRWVIURPGLIIHUHQW
VSHFLHVKDYHEHHQGHVFULEHGLQLQWHUFURSSHGDJULFXOWXUDOILHOGVZLWKWZRRUPRUHKHUEDFHRXV
VSHFLHV 2]LHU/DIRQWDLQH HW DO  /L HW DO  /L HW DO  *DR HW DO  DQG
1H\NRYDHWDOEXWKDVEHHQVHOGRPH[DPLQHGEHWZHHQWUHHVDQGFURSVEXWVHH0XOLD
DQG'XSUD]:DQJHWDO7KLVNQRZOHGJHJDSPD\KLQGHURXUXQGHUVWDQGLQJRI
HFRORJLFDO LQWHUDFWLRQV EHWZHHQ VSHFLHV DQG WKHLU FRQVHTXHQFHV IRU SURYLGLQJ HFRV\VWHP
VHUYLFHV DVZHOO DVGHYHORSLQJ VXVWDLQDEOHPDQDJHPHQW VWUDWHJLHV LQ WKH FRQWH[WRI FOLPDWH
FKDQJH %\ FRQVLGHULQJ WKH ILQH URRW GLVWULEXWLRQ RI WUHHV DV D SUR[\ RI URRW FRPSHWLWLRQ
H[LVWLQJ VWXGLHV RQ DOOH\ FURSSLQJ DJURIRUHVWU\ V\VWHPV KDYH IRXQG WKH URRW LQWHUDFWLRQ
EHWZHHQWUHHVDQGDQQXDOFURSVWREHYHU\FRPSOH[ERWKLQWLPHDQGVSDFH0XOLDDQG'XSUD]
:DQJ HW DO  ,Q SDUWLFXODU WUHHV LQWHUFURSSHG ZLWK DQQXDO FURSV WHQG WR KDYH
GHHSHUURRWV\VWHPVDQGJUHDWHUURRWOHQJWKGHQVLWLHV5/'EHQHDWKWKHURRWV\VWHPVRIWKH
QHLJKERXULQJ FURS 0XOLD DQG'XSUD]:HK\SRWKHVL]H WKDW GHHSHU URRWVZLOO SHUPLW
WUHHVWRREWDLQQXWULHQWVDQGZDWHUQRWDYDLODEOHWRFURSV+RZHYHUDEHWWHUTXDQWLILFDWLRQRI
WUHH URRW GLVWULEXWLRQ LV QHHGHG WR XQGHUVWDQG WKH FRPSOH[ LQWHUDFWLRQV EHWZHHQ WUHHV DQG
FURSV
7UDGLWLRQDOO\ VWXGLHV RQ WUHH URRW GLVWULEXWLRQ UHODWHG WR FURSV DUH XVXDOO\ EDVHG RQ GDWD
REWDLQHG IURP VRLO FRULQJ &RQVLGHUHG DV WKH PRVW URXWLQH DSSURDFK WR GHWHFW URRW VSDWLDO
GLVWULEXWLRQ YDQ 1RRUGZLMN HW DO  URRW FRULQJ LV QRW YHU\ ODERULRXV DQG FDQ DWWDLQ




GLVFRQWLQXRXV LQ WKH KRUL]RQWDO VSDFH VHYHUDO FRUHV DQG H[WUDSRODWLRQ WHFKQLTXHVZRXOG EH
QHHGHGWRGRWKLV5RRWSURILOLQJPHWKRGVKDYHWKHUHIRUHEHHQGHYHORSHGWRFRPSOHPHQWRU
UHSODFH FRULQJ WHFKQLTXHV 8VLQJ URRWSURILOLQJ WHFKQLTXHV URRW PDSV FDQ EH FUHDWHG E\
84 
 





ODFN RI GDWD FRQFHUQLQJ GHHS URRW VSDWLDO GLVWULEXWLRQV FDQ EH H[SODLQHG E\ WKH GLIILFXOWLHV
DVVRFLDWHG ZLWK VDPSOLQJ LQ WKH ILHOG HVSHFLDOO\ ZKHQ XVLQJ URRWSURILOLQJ WHFKQLTXHV
0DHJKWHWDO:KHQVRLOGHSWKH[FHHGVPH[FDYDWLRQRID URRWSURILOHEHFRPHV
WHGLRXVDQGHYHQGDQJHURXVDVVRLOZDOOVDUHPRUHSURQHWRFROODSVH8VLQJWKHVHDQGRWKHU
PHWKRGV LW KDV EHHQ VKRZQ WKDW WUHH URRWV FDQ H[WHQG WR GHSWKV EHORZ P +DDVH HW DO
+XEEOHHWDO%OHE\HWDOEXWWKHVHVWXGLHVUHPDLQGHVFULSWLYHDQGODFND
GHWDLOHG FKDUDFWHULVDWLRQ RI GHHS URRW GLVWULEXWLRQ 5RRWV LQ GHHS VRLOV SHUIRUP LPSRUWDQW
IXQFWLRQV LQ SDUWLFXODU ZLWK UHJDUG WR PHFKDQLFDO DQFKRUDJH FDUERQ VHTXHVWUDWLRQ ZDWHU
XSWDNHDQG WUDQVSRUW 6WRNHVHWDO3ULHWRHWDO0DHJKWHWDO7KXV LW LV
LPSRUWDQWWRFKDUDFWHULVHGHHSURRWGLVWULEXWLRQVLQFRQWUDVWLQJHFRV\VWHPVWRXQGHUVWDQGWKH
SRWHQWLDOLPSOLFDWLRQVIRUHFRV\VWHPIXQFWLRQLQJDQGVHUYLFHV
6LPLODUO\ WR URRW GHQVLW\ URRW RULHQWDWLRQ LV FRQVLGHUHG DV DQ LPSRUWDQW WUDLW UHODWHG WR WKH
SODQW FDSDFLW\ WR DEVRUEZDWHU DQG QXWULHQWV 1REHO DQG$OP  +R HW DO  5RRW
RULHQWDWLRQLVLQIOXHQFHGE\JUDYLW\GLVWULEXWLRQRIZDWHU&DVVDEHWDODQGQXWULHQWVLQ
WKHVRLO%RQVHUHWDO&RPSDUHGWRVKDOORZURRWVGHHSURRWVDUHPRUHOLNHO\WRXSWDNH
VRLO ZDWHU VXSSOLHG E\ ZDWHU WDEOHV &KHQ DQG +X  LI QRW WRR GHHS :H WKHUHIRUH
K\SRWKHVL]HWKDWGHHSILQHURRWVZLOOEHPRUHYHUWLFDOO\RULHQWHGWKDQVKDOORZURRWVGXHWRWKH
K\GURWURSLVP&DVVDEHWDO7KHVSDWLDOYDULDELOLW\RISUHIHUHQWLDO URRWRULHQWDWLRQRU
DQLVRWURS\ KDV EHHQ UDUHO\ VWXGLHG HVSHFLDOO\ LQ ILHOG &KRSDUW HW DO 0DXULFH HW DO
(VWLPDWLQJURRWRULHQWDWLRQDOVRDOORZVWRGHWHUPLQH5/'YLDURRWLQWHUVHFWLRQGHQVLW\
5,' GHILQHG DV WKH QXPEHU RI URRW WLSV FRXQWHG RQ D JLYHQ VRLO VXUIDFH ZKLFK LV DQ
LPSRUWDQW WUDLWGHILQLQJ WKHXWLOL]DWLRQRI UHVRXUFHV *UHJRU\0DUNHVWHLMQDQG3RRUWHU
$VWKHPHDVXUHPHQWRI5/'LVPRUHWLPHFRQVXPLQJWKDQWKDWIRU5,'&KRSDUWDQG
6LEDQGDVHULHVRIVWXGLHVKDVDWWHPSWHGWRH[SORUHWKHUHODWLRQVKLSEHWZHHQ5/'DQG
5,'E\ LQWURGXFLQJ WKH HIIHFW RI URRW RULHQWDWLRQ &KRSDUW DQG6LEDQG&KRSDUW HW DO
0DXULFH HW DO 7R RXU NQRZOHGJH QR VXFK UHODWLRQVKLS LV DV \HW DYDLODEOH IRU






2XU DLPZDV WR FKDUDFWHULVH WKH VSDWLDO GLVWULEXWLRQRI ILQH URRWVRIK\EULGZDOQXW -XJODQV











LL 5,' DQG 5/' ZRXOG GHFUHDVH ZLWK LQFUHDVLQJ GLVWDQFH IURP WKH WUHHV DQG WKLV HIIHFW




















/ FY1* SODQWDWLRQV$OO WKHZDOQXW WUHHV DW WKH VLWHZHUHSODQWHG LQ)HEUXDU\ LQ
SDUDOOHOWUHHURZVZLWKDQHDVW±ZHVWRULHQWDWLRQ)LJ,,7KHVLWHFRPSULVHG
 DQ DOOH\ FURSSLQJ DJURIRUHVWU\ VWDQG ZDOQXW WUHHV DW  î P WUHH VSDFLQJZKHUH













QRWSORXJKHGEHIRUHGXUXPZKHDWZDV VRZQ LQ7KH ODVWSORXJKLQJZDVSHUIRUPHG LQ
2FWREHULHPRQWKVEHIRUHWKLVVWXG\ZDVSHUIRUPHG7KHVRLOKDVQHYHUEHHQWLOOHG









DQG WKH WUHH PRQRFXOWXUH 0 )LJ ,, 7UHH URRW PDSSLQJ DQG VRLO VDPSOLQJ ZHUH
SHUIRUPHG LQ$SULO7KH WUHQFKHVZHUH ORFDWHGRQ WKHHGJHRI WKH WUHH URZ LH LQ WKH
LQWHUURZEHWZHHQWZRWUHHV)LJ,,7KHGLVWDQFHRIWKHQHDUHVWHGJHRIWKHSLWVWRDWUHH
ZDVFP7KHWZRWUHHVVXUURXQGLQJWKH$)SLWZHUHDQGPWDOOUHVSHFWLYHO\










 OHQJWK î  ZLGWK î  FP GHSWK DQG DV WKH $) SLW GHVFULEHG SUHYLRXVO\
SHUSHQGLFXODUWRWKHWUHHURZ)LJV,,,,)RUVDIHW\UHDVRQVEHIRUHWKHGHHS$)SLW












,Q ERWK WKH$) DQG0 WUHQFKHV )LJ ,, ILQH URRWV GLDPHWHU  PPRIZDOQXWZHUH




ZHUH ZKLWLVK\HOORZLVK $ SUHFLVLRQ FDOOLSHU ZDV XVHG WR PHDVXUH SUHFLVHO\ URRW GLDPHWHU
ZKHQURRWVZHUHFRQVLGHUHG WREHFORVH WRPPLQGLDPHWHU:H WKHQFDOFXODWHG WKHPHDQ
URRWLQWHUVHFWLRQGHQVLW\ URRWVFPIRUHDFKVTXDUHLQWKHJULGE\GLYLGLQJWKHQXPEHU





HDFKVRLOSURILOH )LJ ,,&XEHVKDGRQHKRUL]RQWDO IDFH+SDUDOOHO WR WKHVRLOVXUIDFH
DQGSHUSHQGLFXODUWRWKHSURILOHRQHODWHUDOIDFH/SHUSHQGLFXODUWRWKHVRLOVXUIDFHDQGWR
WKHSURILOHDQGRQH WUDQVYHUVDO IDFH7SHUSHQGLFXODU WR WKHVRLOVXUIDFHDQGSDUDOOHO WR WKH
SURILOH)LJ,,7KHWUDQVYHUVDOIDFHRIWKHVHFXEHVFRUUHVSRQGHGWRWKHSODQHRIWKHVRLO
SURILOHZDOOVZKHUHURRWLPSDFWVZHUHPDSSHG7KLVIDFHLVWKHPRVWDFFHVVLEOHIRUVWXG\LQJ








)LJXUH ,,6DPSOLQJRIFXEHVDVDPSOLQJGHYLFHEVDPSOLQJSRVLWLRQV ,QE WKHJUH\
IDFHV VROLG UHG OLQHV DQG UHG OHWWHUV DW YHUWLFHV UHSUHVHQW WKH VDPSOLQJ GHYLFH

























WKH FXEHZLWK WDSZDWHU XVLQJ D PPPHVK VLHYH&RDUVH URRWV !PPGLDPHWHUZHUH
UHPRYHG IURP WKHDQDO\VLV5HPDLQLQJ URRWVZHUH WKHQ ULQVHG VSUHDGRXWRQWRDPHVK WUD\
DQGVFDQQHGDWGSLZLWKDVFDQQHU(SVRQ([SUHVVLRQ;/-DSDQ7KHUHVXOWLQJ
LPDJHZDVWKHQSURFHVVHGXVLQJDQLPDJHDQDO\VLVVRIWZDUH:LQ5+,=2YE5HJHQW
,QVWUXPHQWV,QF4XpEHF&DQDGD WRGHWHUPLQH WKH WRWDO ILQHURRW OHQJWK/FPDQGPHDQ
URRWGLDPHWHUSHUGLDPHWHUFODVVLHPPPPPPDQGPP
:HWKHQFDOFXODWHGWKHSURSRUWLRQRIURRWOHQJWKLQHDFKGLDPHWHUFODVVZLWKUHJDUGWRWRWDO
URRW OHQJWK IRUDOOGLDPHWHU FODVVHVFRPELQHG7RWDO5/'FPFPZDV WKHQFDOFXODWHGDV
/9ZKHUH/LVWKHWRWDOURRWOHQJWKLQWKHFXEHDQG9LVWKHYROXPHRIWKHVRLOFXEH





URRW RULHQWDWLRQ /DQJ DQG 0HOKXLVK  5RRW GLVWULEXWLRQ LV IXOO\ LVRWURSLF ZKHQ URRW
JURZWK LVXQLIRUPLQDOORULHQWDWLRQVZKLOVW URRWGLVWULEXWLRQ LV IXOO\ DQLVRWURSLFZKHQURRW
JURZWKLVWRZDUGRQO\RQHRULHQWDWLRQ+RZHYHUDQLVRWURS\LVDOPRVWLPSRVVLEOHWRHVWLPDWH
LQWKHILHOGDVPHDVXULQJWKHRULHQWDWLRQRILQGLYLGXDOILQHURRWVLVH[WUHPHO\SDLQVWDNLQJDQG




IDFHV RI D JLYHQ VRLO FXEH UHVSHFWLYHO\ 7KH GHQRPLQDWRU WHUP LQ WKH HTXDWLRQ DOORZV IRU
QRUPDOL]DWLRQRI$GLPHQVLRQOHVVVRWKDWLWUDQJHVEHWZHHQDQG:KHQ$ LH5,'7 








LQ HDFK GLDPHWHU FODVV 5/' '0 RU 65/ DV WKH GHSHQGHQW YDULDEOHV DQG WKH VRLO FXEH
SRVLWLRQ$RU%WKHVWDQG$)RU0WKHGLVWDQFHWRWKHWUHHURZTXDQWLWDWLYHIDFWRUDQG
VRLO GHSWK TXDQWLWDWLYH IDFWRU DV IDFWRUV DQG DOO LQWHUDFWLRQV EHWZHHQ IDFWRUV :KHQ D
PD[LPXPVRLO GHSWKRI  FPZDV FRQVLGHUHG IRU DQDO\VLV VRLO SURILOHV IURP WKH$)DQG
GHHS$) SLWVZHUH FRQVLGHUHG DV LQGLYLGXDO UHSOLFDWHV$ 6KDSLUR:LON WHVWZDV SHUIRUPHG
EHIRUH HDFK*/0 WR JXDUDQWHH WKDW WKH LQYHVWLJDWHG LQGLFDWRU IROORZHG D QRUPDO RU TXDVL
QRUPDO GLVWULEXWLRQ 7KHVH DQDO\VHV ZHUH IROORZHG E\ D RQHZD\ DQDO\VLV RI YDULDQFH
$129$IRUHDFKIDFWRU
5RRWYHUWLFDOSURILOHVDUHXVXDOO\GHVFULEHGXVLQJORJDULWKPLFRUH[SRQHQWLDOPRGHOV-DFNVRQ




VPRRWKO\ WKURXJKRXW WKH VRLO SURILOH DQG FRPSDUH URRWLQJ GHSWKV &RPSDUHG WR WKHVH
FRQYHQWLRQDO PRGHOV WKH DGYDQWDJH RI WKH KRFNH\ VWLFN PRGHO LV WKDW WKH VLJQLILFDQW
EUHDNSRLQWV LQ D VHULHV RI GDWD FDQ EH IRXQG 7KH KRFNH\ VWLFN PRGHO FDQ KDYH VHYHUDO






ZKHUH ] LV VRLO GHSWK FPĮĮį DQGȕDUH FRHIILFLHQWV VHH)LJ ,, IRU JHRPHWULFDO








PRGHO ZKLFK FRPSULVHV WZR OLQHDU VHJPHQWV 5,' LV WKH URRW LQWHUVHFWLRQ
GHQVLW\URRWVFP]LVVRLOGHSWKFPȕDQGįDUHWKHEUHDNSRLQWFRRUGLQDWHV
ĮĮDUH WKH VORSHFRHIILFLHQWV$URXQG WKHEUHDNSRLQWDTXDGUDWLFFXUYHZDV
HVWLPDWHGEHWZHHQSRLQW$DQG%ZKLFKDUHVXIILFLHQWO\FORVHWRWKHEUHDNSRLQW
VR WKDW WKH ZKROH KRFNH\ VWLFN PRGHO EHFRPHV VPRRWK DQG GHULYDEOH DQG
WKHUHIRUHFDQEHILWWHGXVLQJQRQOLQHDUUHJUHVVLRQDSSURDFKHV4LDQ





WKH FXEHV RI HDFK SLW ORFDO PRGHO DQG IRU WKH FXEHV RI DOO SLWV DW WKH VDPH WLPH JOREDO
PRGHO6LQFH$DQG%FXEHVZHUHVSDWLDOO\FRUUHODWHGIRUHDFKVRLOGHSWKWDNHQQH[WWRHDFK




VDPSOHXVLQJPHDQYDOXHVEHWZHHQ$ DQG%W\SH FXEHV DVQR VLJQLILFDQWGLIIHUHQFHVZHUH




Į DV ZHOO DV WKH  FRQILGHQFH LQWHUYDO IRU WKH VORSH ZHUH FDOFXODWHG 6ORSHV ZHUH







WKH DQDO\VLV RI URRW WUDLWV$V$ SRVVHVVHV QR LQIRUPDWLRQ RQ WKH SUHIHUHQWLDO RULHQWDWLRQ RI








,Q ERWK VWDQGV ILQH URRWV IURPZDOQXW WUHHVZHUHPDLQO\ FRQVWLWXWHG RI URRWV  PP LQ
GLDPHWHU WKDW UHSUHVHQWHG DOPRVW  RI WKH WRWDO URRW OHQJWK )LJ ,, 7KH RQO\
VLJQLILFDQWYDULDEOHWKDWLPSDFWHGWKHSURSRUWLRQRIURRW OHQJWKLQHDFKGLDPHWHUFODVV LQ WKH
XSSHUFPRIVRLOZDVVWDQGW\SH7KHILQHVWURRWVPPUHSUHVHQWHGRIWKHWRWDO
URRWOHQJWKLQWKHWUHHPRQRFXOWXUHEXWRQO\LQWKHDJURIRUHVWU\SORW) 3 
GI :LWKLQ WKH DGGLWLRQDO WUHQFK GXJ LQ WKH DJURIRUHVWU\ VWDQG GHHS$) WKHUH ZDV D
KLJKHUSURSRUWLRQRIYHU\ILQHURRWVLQWKHXSSHUFPRIVRLOFRPSDUHGWRWKHGHHSHU





)LJXUH ,,+LVWRJUDPRI WKHSURSRUWLRQRIZDOQXW ILQH URRW OHQJWKSHU FODVVRIGLDPHWHU






'0 ZHUH JUHDWHU LQ WKH WUHH PRQRFXOWXUH    FP FP DQG    J
UHVSHFWLYHO\ FRPSDUHG WR WKH DJURIRUHVWU\ VWDQG    FP FP DQG    J
UHVSHFWLYHO\DQGGHFUHDVHGZLWKLQFUHDVLQJGLVWDQFHIURPWKHWUHHURZDQGGHSWK




 5/' '0 65/
 )YDOXH 3U!) )YDOXH 3U!) )YDOXH 3U!)
&XEH      
6WDQGW\SH      
'75      
'HSWK      
'75îGHSWK      
'75îVWDQG      
7DEOH,,$129$RQWKH*/0PRGHOIRUZDOQXWILQHURRWOHQJWKGHQVLW\5/'GU\PDVV













WKH LQWHUURZ WKLV GHSWK ZDV  FP LQ WKH DJURIRUHVWU\ VWDQG DQG  FP LQ WKH WUHH











)LJXUH ,, E .ULJHG PDS RI ZDOQXW ILQH URRW LQWHUVHFWLRQ GHQVLWLHV 5,' ZLWKLQ WKH
DJURIRUHVWU\ SLW DQG F.ULJHGPDS RIZDOQXW ILQH URRW LQWHUVHFWLRQ GHQVLWLHV
5,'ZLWKLQWKHFPGHHSDJURIRUHVWU\SLW

,Q WKHGHHS$)SLW WUHH ILQH URRWV FRORQL]HG WKHZKROH VRLO SURILOH ERWKYHUWLFDOO\  FP
GHHSDQGKRUL]RQWDOO\FPORQJ)LJ,,FDQG)LJ,,6FIRUUDZGDWD,QWKHLQWHU






WUHHURZ5,'VWDUWHG WRGHFUHDVH LQ WRSVRLO OD\HUV%HORZFPGHHS LQ WKH LQWHUURZQR
FOHDU VSDWLDO SDWWHUQ ZDV REVHUYHG DQG ILQH URRWV DSSHDUHG WR EH UDQGRPO\ GLVWULEXWHG


























 $OOSLWVVRLOGHSWKFP  GHHS$)SLWVRLOGHSWKFP
 )YDOXH 3U!)  )YDOXH 3U!)
&XEH     
6WDQGW\SH     
'75     
'HSWK     
'75îGHSWK     
'75îVWDQG     
7DEOH,,$129$RQWKH*/0PRGHOIRUZDOQXWILQHURRWDQLVRWURS\DVDIXQFWLRQRIWKH
FXEH$RU%VWDQGW\SHGLVWDQFHWRWUHHURZ'75DQGVRLOGHSWK1XPEHURI
























QRW VLJQLILFDQWO\ GLIIHUHQW IURP HDFK RWKHU 7DEOH ,, 7KH FRQILGHQFH LQWHUYDO ZDV
JHQHUDOO\ VOLJKWO\ QDUURZHU ZKHQ  ZDV XVHG 7DEOH ,, )LJ ,,6 7KH ) WHVW
UHYHDOHGWKDWDORFDOPRGHOLHRQHPRGHOIRUHDFKSLWZDVQRWPRUHVLJQLILFDQWWKDQDJOREDO










3LW 9DULDEOH 6ORSHĮ &RQILGHQFH,QWHUYDO3  5
'HHSDJURIRUHVWU\ 5,'7 D   D  
$JURIRUHVWU\ 5,'7 D   D  
7UHHPRQRFXOWXUH 5,'7 D   D  
$OOSLWV 5,'7 D   D  
7DEOH,,/LQHDUUHJUHVVLRQVEHWZHHQZDOQXWILQHURRWOHQJWKGHQVLW\5/'FPFPDQG
ZDOQXWILQHURRWLQWHUVHFWLRQGHQVLW\RQWKHWUDQVYHUVDOIDFH5,'7URRWVFPRU






:H VKRZHG WKDW DJURIRUHVWU\ SUDFWLFHV SURPRWHG GHHSHU URRWLQJ RI ZDOQXW WUHHV DV URRW
GHQVLWLHVZHUHPXFKVPDOOHUQHDU WKHVRLO VXUIDFH LQ WKHDJURIRUHVWU\VWDQGFRPSDUHG WR WKH











JUHDWHU EHORZJURXQG FRPSHWLWLRQ IURP WKH FURS 7KLV GLVSDULW\ EHWZHHQ WKH WZR W\SHV RI
V\VWHPVGHPRQVWUDWHV WKHKLJKO\SODVWLFEHKDYLRXURIZDOQXW WUHHV LQ WKDW WKHLU YHUWLFDO URRW
GLVWULEXWLRQZDVPRGLILHG OLNHO\ LQUHVSRQVH WRFURSFRPSHWLWLRQ 0XOLDDQG'XSUD]





GLIIHUHQW URRWLQJ SDWWHUQV ZKHQ JURZQ LQ D WUHH PRQRFXOWXUH FRPSDUHG WR DQ DJURIRUHVWU\
VWDQGZLWKVLJQLILFDQWO\GHHSHUURRWLQJIRUWKHODWWHU/LYHVOH\HWDO DQG:DQJHWDO
IRXQGWKDW*UHYLOOHDUREXVWD/JURZQZLWK=HDPD\V/DQG-XMXEH=L]LSKXVMXMXED





KDYH KLJK65/QHDU WKH VRLO VXUIDFH DQG DUH WKXV DEOH WR DEVRUE QXWULHQWV DQG VKDOORZ VRLO
ZDWHU IDVWHU WKDQ WUHHV ZKLFK XVXDOO\ KDYH ORZHU 65/ 0RUHQR HW DO  7KH 65/ RI
ZDOQXWWUHHVDWRXUILHOGVLWHZDVORZHUWKDQWKDWRIZKHDWERWKDWWKHVXUIDFHFPDQGLQ
GHHSVRLOOD\HUVFP3ULHWRHWDO7KHUHIRUHZHVXJJHVWWKDWZDOQXWWUHHVLQWKH
DJURIRUHVWU\ VWDQG KDG PLQLPDO FRPSHWLWLRQ IURP ZKHDW SODQWV WKURXJK WKH SURGXFWLRQ RI
GHHSHU ILQH URRWV 'HHS URRWV ZLOO HQDEOH WUHHV WR DFFHVV ZDWHU IURP WKH ZDWHU WDEOH QRW
DYDLODEOHWRURRWFURSVDQGWREHQHILWIURPQXWULHQWV OHDFKHGEHQHDWK WKHFURSURRWV\VWHPV
2QWKHFRQWUDU\LQWKHWUHHPRQRFXOWXUHZDOQXWWUHHVODLGGRZQURRWVLQVKDOORZVRLOEHFDXVH
WKH XQGHUVWRUH\ KHUEDFHRXV VSHFLHV ZHUH PRVWO\ OHJXPLQRXV 3ULHWR HW DO D DQG OHVV









.RUZDU DQG 5DGGHU  6LQFODLU  ,Q RXU V\VWHP WKH VRLO LQ WKH LQWHUURZ RI WKH
DJURIRUHVWU\ VWDQGZDV UHJXODUO\ SORXJKHG WR D GHSWK RI  FPDQG FRDUVH URRWV LQ WKH VRLO
VXUIDFHZHUH IUHTXHQWO\GDPDJHGDIIHFWLQJ WUHH ILQH URRWSURGXFWLRQ LQ WKHVH OD\HUV ,Q WKLV
VHQVH WLOODJHPLJKWDOVRLQGXFHGHHSHUURRWLQJLQWUHHV+RZHYHUVRLOGLVWXUEDQFHVFDQDOVR
VWLPXODWH URRW JURZWK WKURXJK URRW SUXQLQJ -RVOLQ DQG:ROIH  DQG E\ UHOHDVLQJ VRLO
PLFURQXWULHQWV %DOHVGHQW HW DO :KDWHYHU WKH FDVH WKLV H[SODQDWLRQZRXOG EH YDOLG
RQO\ IRU WKH WRS  FP RI VRLO WKH PD[LPXP WLOODJH GHSWK %HORZ WKLV GHSWK RQO\ URRW
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FRPSHWLWLRQ EHWZHHQ GXUXP ZKHDW DQG ZDOQXW WUHHV FDQ H[SODLQ WKH FRQWUDVWLQJ URRWLQJ
SDWWHUQVREVHUYHGEHWZHHQWKH$)DQG0VWDQGV
7HPSRUDO GLIIHUHQFHV EHWZHHQ WKH URRW JURZWK RI GXUXPZKHDW DQGZDOQXW WUHHVPD\ DOVR
LQIOXHQFH WKH URRWGLVWULEXWLRQRIZDOQXW WUHHV'XUXPZKHDW LV VRZQ LQ ODWH2FWREHUDWRXU
ILHOG VLWH DQG LV IXOO\GHYHORSHGEHIRUHZDOQXWEXGEUHDNZKLFKRFFXUVEHWZHHQ ODWH$SULO
DQGHDUO\0D\DWWKHVLWH0XOLDDQG'XSUD]7KLVSHULRGFRLQFLGHVZLWKWKHSHDNILQH
URRW SURGXFWLRQ IRU ZDOQXW WUHHV XQSXEOLVKHG GDWD %\ WKLV GDWH GXUXP ZKHDW ZLWK D
PD[LPXPURRWLQJGHSWKRIFPZLOOKDYHDOUHDG\FDSWXUHGPRVWRIWKHQXWULHQWVDQGZDWHU
FRQWDLQHG LQ WKH WRSVRLO %XUJHVV HW DO  :H SURSRVH WKDW WHPSRUDO GLIIHUHQFHV LQ
JURZLQJ SHULRGV EHWZHHQ DQQXDO FURSV DQG WUHH VSHFLHV LV WKHUHIRUH D NH\ SDUDPHWHU IRU
FHUWDLQDJURIRUHVWU\V\VWHPVWREHVXFFHVVIXOLHLQ0HGLWHUUDQHDQHFRV\VWHPVDQGPXVWEH
FRQVLGHUHG LI QHZ PL[WXUHV RI FURSV DQG WUHHV DUH WR EH VXFFHVVIXO 6FKURWK  YDQ
1RRUGZLMNHWDO%XUJHVVHWDO
,Q WKH $) VWDQG WKH KRUL]RQWDO URRW GLVWULEXWLRQ ZDV KHWHURJHQHRXV DQG GHSHQGHQW RQ WKH
GLVWDQFHIURPWKHWUHHZLWKKLJKHUURRWGHQVLWLHVLQWKHWUHHURZRUFORVHWRWKHWUHHURZ7KH
WUHHPRQRFXOWXUHGLGQRWH[KLELW VXFKDGUDVWLFGHFOLQH LQ WKHLU URRW GHQVLW\FRQILUPLQJRXU
VHFRQGK\SRWKHVLV
7KLVXQXVXDOILQHURRWGLVWULEXWLRQLQWKH$)VWDQGPD\SURPRWHFDUERQVWRUDJHLQWKHWUHHURZ
DQGGHHS LQ WKHVRLO6HYHUDOVWXGLHVKDYHVKRZQ WKDWFDUERQVWRFNV LQDJURIRUHVWU\V\VWHPV
ZHUH KHWHURJHQHRXVO\ GLVWULEXWHG ZLWK PRUH FDUERQ LQ WKH WUHH URZ WKDQ LQ WKH LQWHU URZ
%DPEULFNHWDO+RZOHWWHWDO/RUHQ]DQG/DO$SDUDOOHOVWXG\DWWKLVVLWH
FRQILUPHG WKDW VRLO RUJDQLF FDUERQ 62& VWRFNVZHUH VLJQLILFDQWO\ KLJKHU LQ WKH$) VWDQG
0J&KDLQWKHXSSHUPHWUHRIVRLOFRPSDUHGWRWKDWLQDFRQWURODJULFXOWXUDO
SORW0J&KD62&VWRFNVZHUHDOVRVLJQLILFDQWO\KLJKHULQWKHWUHHURZVWKDQ
LQ LQWHUURZV&DUGLQDHOHWDOVXEPLWWHG7KLVDGGLWLRQDO62&ZLOOQRWRQO\EHGXH WR OHDI







VWUDWHJ\ LH ORZHU URRW QLWURJHQ DQG KLJKHU OLJQLQ FRQFHQWUDWLRQV 3ULHWR HW DO 
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DWWULEXWHG WKLV UHVXOW WR WKLQQHU PRUH DFTXLVLWLYH URRWV LQ VKDOORZ VRLO OD\HUV EHLQJ PRUH
HIILFLHQWIRUDEVRUELQJQXWULHQWVZKLFKXVXDOO\DFFXPXODWHQHDUWKHVRLOVXUIDFH-REEDJ\DQG
-DFNVRQ2XUWKLUGK\SRWKHVLVZDVFRQILUPHGVLQFHZHIRXQGWKDWWUHHILQHURRWVGRZQ
WR  FP VKRZHG QR FOHDU RULHQWDWLRQ SDWWHUQV EXW WKDW GHHSHU URRWV  FP ZHUH
SUHIHUHQWLDOO\YHUWLFDOO\RULHQWDWHG
7KLV UHVXOW VXJJHVWV WKDW RQFH D FHUWDLQ GHSWK WKUHVKROG LV DFKLHYHG GHHS URRWV DUH




WR UHDFK DQG WDNH XS QLWUDWH OHDFKHG IURP IHUWLOL]HUV EHQHDWK WKHZKHDW FURS URRWLQJ GHSWK
ZKLFKPD\DOVRH[SODLQWKHGHHSURRWLQJREVHUYHGLQWKH$)VWDQG7KLV³WUHHURRWVDIHW\QHW´
&DGLVFKHWDO5RZHHWDOFRXOGDOVRFRQWULEXWHWRUHGXFLQJJURXQGZDWHUQLWUDWH
OHYHOV %HUJHURQ HW DO  7XOO\ HW DO  DQG WKHUHIRUH LPSURYH HFRV\VWHP VHUYLFHV
SURYLGHGE\DJURIRUHVWU\V\VWHPV
,Q VSLWH RI WKH GLVSDULW\ LQ WKH WUDLW GLVWULEXWLRQ DQG IXQFWLRQLQJ EHWZHHQ VKDOORZ DQG GHHS
URRWV3ULHWRHWDODIHZVWXGLHVKDYHDLPHGDWGHWHUPLQLQJWKHLUGLVWLQFWUROHV/DFODX
HWDO0DHJKWHWDO+HUHZHVKRZWKDWDVKDUSEUHDNSRLQWH[LVWVEHWZHHQWZR
SRSXODWLRQVRI URRWVZLWKLQ WKHVRLOSURILOH URRWV IURPXSSHUVRLO OD\HUVZKHUHURRWGHQVLW\
GHFOLQHV VKDUSO\ ZLWK LQFUHDVLQJ VRLO GHSWK DQG ZKHUH URRWV KDYH QR GHWHUPLQHG VSDWLDO
RULHQWDWLRQ DQG URRWV LQ GHHSHU VRLO OD\HUV  FPZKHUH URRW GHQVLW\ UHPDLQV TXLWH
VWDEOHUHJDUGOHVVRIVRLOGHSWKDQGURRWVDUHSUHIHUHQWLDOO\YHUWLFDOO\RULHQWHG$OWKRXJKZHGR
QRW\HWNQRZ WKHPHFKDQLVPVEHKLQG WKLVGLVWULEXWLRQ WKHEUHDNSRLQWVDQG LGHQWLILFDWLRQRI







YHUWLFDOO\ PRGLILHG E\ WKH EHORZJURXQG FRPSHWLWLRQ IURP XQGHUVWRU\ FURSV 7UHHV LQ WKH




RXU XQGHUVWDQGLQJ RI WKH IXQFWLRQLQJ RI DJURIRUHVWU\ V\VWHPV 7KH SODVWLFLW\ LQ WUHH URRW
GLVWULEXWLRQVHHPV WREHDQ LPSRUWDQW IHDWXUH WRDFKLHYHHIILFLHQW DJURIRUHVWU\V\VWHPV7KLV
PD\ DOVR KDYH LPSOLFDWLRQV FRQFHUQLQJ FDUERQ DQG QXWULHQW F\FOLQJ LQ WKHVH V\VWHPV DV

































+&. QOVLPSDFWVBILQHBURRWVaKRFNH\[ ]DOSKD DOSKDEHWD EHWDEHWD 
EHWDEUN EUN






























)LJXUH ,,6 /LQHDU UHJUHVVLRQV EHWZHHQ ZDOQXW ILQH URRW OHQJWK GHQVLW\ 5/' DQG WKH










 FP E (VWLPDWHG ZDOQXW ILQH URRW OHQJWK GHQVLW\ 5/' SURILOHV LQ WKH











































)LQH URRWV SOD\ DPDMRU UROH LQ WKH JOREDO FDUERQ F\FOH WKURXJK UHVSLUDWLRQ H[XGDWLRQ DQG
GHFRPSRVLWLRQSURFHVVHVEXWWKHLUG\QDPLFVDUHSRRUO\XQGHUVWRRG&XUUHQWHVWLPDWHVRIURRW
G\QDPLFV KDYH SULQFLSDOO\ EHHQ REVHUYHG LQ VKDOORZ VRLO KRUL]RQV  P DQGPDLQO\ LQ









WZRGLVWLQFWSHULRGVDWEXGEUHDN LQVSULQJDQG WKURXJKRXW WKHZLQWHU LHDIWHU OHDI IDOO ,Q
FRQWUDVW VKDOORZ URRWV JUHZ PDLQO\ GXULQJ WKH VSULQJVXPPHU SHULRG 0D[LPXP URRW
HORQJDWLRQ UDWHV UDQJHG IURP WR  FPGD\ GHSHQGLQJRQ VRLO GHSWK0RVW URRWPRUWDOLW\
RFFXUUHGLQXSSHUVRLOOD\HUVZKHUHDVRQO\RIILQHURRWVEHORZPGLHGRYHUWKHVWXG\
SHULRG)LQH URRW OLIHVSDQZDV ORQJHU LQ WKLFNHUDQG LQGHHSHU URRWVZLWK WKH OLIHVSDQRI WKH
WKLQQHVWURRWVPPLQFUHDVLQJIURPGD\VLQWKHWRSVRLOWRDWGHSWKV!P
7KHXQH[SHFWHGJURZWKRIYHU\GHHSILQHURRWVGXULQJWKHZLQWHUPRQWKVZKLFKLVXQXVXDOIRU
DGHFLGXRXV WUHH VSHFLHV VXJJHVWV WKDWGHHSDQG VKDOORZ URRWV VKDUHGLIIHUHQWSK\VLRORJLFDO
VWUDWHJLHV DQG WKDW FXUUHQW HVWLPDWHV EDVHG RQ WKH VKRUWHVW URRW JURZWK SHULRGV LH GXULQJ
VSULQJ DQG VXPPHU PD\ EH XQGHUHVWLPDWLQJ URRW SURGXFWLRQ $OWKRXJK KLJK ILQH URRW






UROH LQ WKH JOREDO FDUERQ & F\FOH PDLQO\ WKURXJK SURGXFWLRQ UHVSLUDWLRQ H[XGDWLRQ DQG
GHFRPSRVLWLRQ SURFHVVHV 0F&ODXJKHUW\ HW DO  'HVURFKHUV HW DO  %HUJ DQG
0F&ODXJKHUW\  6WUDQG HW DO  )LQH URRWV JHQHUDWH D UDSLG UHWXUQ RI & WR WKH
DWPRVSKHUH WKURXJK GHFRPSRVLWLRQ DQG UHVSLUDWLRQ SURFHVVHV EXW FRQYHUVHO\ UHSUHVHQW D
VLJQLILFDQW & LQSXW WR WKH VRLO E\ WKH LQFRUSRUDWLRQ RI GHDG URRW PDWHULDO DQG H[XGDWHV
%DOHVGHQWDQG%DODEDQH.X]\DNRYDQG'RPDQVNL)LQHURRWV WKHUHIRUHKDYHD
VLJQLILFDQWLPSDFWRQVRLO&VHTXHVWUDWLRQ0DWDPDODHWDO5DVVHHWDOWKDWFRXOG
EHHVSHFLDOO\ UHOHYDQW LQGHHS VRLO OD\HUV .HOO6HYHUDO VWXGLHVKDYH VKRZQ WKDW URRW
OLIHVSDQ JHQHUDOO\ LQFUHDVHV ZLWK VRLO GHSWK +HQGULFN DQG 3UHJLW]HU  %DGGHOH\ DQG
:DWVRQURRWRUGHU(LVVHQVWDWDQG<DQDL*XRHWDOD*XRHWDOEDQG







 %LQNOH\  DQG WKHLU SRVVLEOH LQIOXHQFH RQ & VHTXHVWUDWLRQ 5DVVH HW DO 
0DHJKWHWDO
6LOYRDUDEOH DJURIRUHVWU\ V\VWHPV DUH VLPXOWDQHRXV RU VHTXHQWLDO DVVRFLDWLRQV RI ZRRG\
SHUHQQLDOVSHFLHVDQGFURSSURGXFWLRQV\VWHPVLQWKHVDPHDUHD6RPDUULED7RUTXHELDX
 ,Q DGGLWLRQ WRPDLQWDLQLQJ D KLJK DJULFXOWXUDO SURGXFWLRQ 'XSUD] DQG /LDJUH 
&ORXJKHWDODJURIRUHVWU\V\VWHPVSURYLGHPDQ\HFRV\VWHPVHUYLFHVHJELRGLYHUVLW\
HQKDQFHPHQW UHODWLYH WR LQWHQVLYH DJULFXOWXUH 9DUDK HW DO  SURWHFWLRQ DJDLQVW VRLO
HURVLRQ <RXQJ  DQG PLJKW FRQWULEXWH WR EXIIHULQJ FOLPDWH FKDQJH WKURXJK KLJK &
VHTXHVWUDWLRQ FDSDFLWLHV 2HOEHUPDQQ HW DO  /RUHQ] DQG /DO  +RZHYHU WKH
EHORZJURXQGFRPSRQHQWRIDJURIRUHVWU\V\VWHPVVWLOOUHPDLQVSRRUO\XQGHUVWRRG0XOLDDQG
'XSUD] &DUGLQDHO HW DO F 7KLV ODFN RI NQRZOHGJH LV SDUWLFXODUO\ LPSRUWDQW IRU




KD WR PLQLPL]H GLUHFW FRPSHWLWLRQ RQ WKH LQWHUFURS IRU QDWXUDO UHVRXUFHV OLJKW ZDWHU
QXWULHQWV &RPSHWLWLRQ ZLWK QHLJKERXULQJ WUHHV LV WKHUHIRUH ORZ LQ DJURIRUHVWU\ V\VWHPV
FRPSDUHGWRWUHHVJURZLQJLQGHQVHUIRUHVWHFRV\VWHPV.KDQDQG&KDXGKU\%HVLGHV
JHQHWLFIDFWRUVDQGFOLPDWLFFRQGLWLRQVWKHJURZWKUDWHRIDJLYHQWUHHVSHFLHVGHSHQGVPDLQO\
RQ LWV FDSDFLW\ WR H[SORUH WKH VRLO YROXPH DQG H[WUDFW VRLO UHVRXUFHV PDLQO\ ZDWHU DQG
QXWULHQWV WKURXJK LWV URRWV 7LDQ DQG'RHUQHU ,Q ORZFRPSHWLWLRQ V\VWHPV DV LV WKH






/LWWOH LVNQRZQDERXW WKHVHDVRQDOLW\RI ILQHURRWSKHQRORJ\DVD IXQFWLRQRIVRLOGHSWKDQG
UHVRXUFHDYDLODELOLW\*HQHUDOO\URRWSURGXFWLRQLVV\QFKURQL]HGZLWKOHDISURGXFWLRQ%XUNH
DQG5D\QDO0F&RUPDFNHWDOEXWWKLVLVQRWDOZD\VWKHFDVHDQGURRWSURGXFWLRQ
PD\ EH GHFRXSOHG IURP OHDI SURGXFWLRQ LQ VRPH WUHH VSHFLHV 0F&RUPDFN HW DO  ,Q
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0HGLWHUUDQHDQ HFRV\VWHPV ZLWK D UHODWLYHO\ ORQJ GURXJKW SHULRG GXULQJ WKH VXPPHU URRW
JURZWK LQ VKDOORZ VRLO OD\HUV FDQ EH YHU\ FRQVWUDLQHG /ySH] HW DO  ,Q WKHVH
HFRV\VWHPV OHDISURGXFWLRQRFFXUVPDLQO\GXULQJWKHVSULQJZKHQZDWHUDYDLODELOLW\ LVKLJK
'XIRXU HW DO  0RUHRYHU ILQH URRW HORQJDWLRQ UDWHV DQG OLIHVSDQ DUH LQ GLUHFWO\
GHSHQGHQWRQVRLOZDWHUDYDLODELOLW\DQGVRLO WHPSHUDWXUH *LOO DQG-DFNVRQDQG WKXV
VXEMHFWWRVHDVRQDOYDULDWLRQVLQWKHVHYDULDEOHVHJGURXJKWSHULRGVDQGRQYDULDWLRQVZLWK
VRLOGHSWK0DLQLHURDQG.D]GD0HLHUDQG/HXVFKQHU6LQFHOHDISURGXFWLRQLQ




5HFHQW VWXGLHV KDYH VKRZQ WKDW WHPSRUDO SDWWHUQV RI UHVRXUFH DYDLODELOLW\ DQG FRPSHWLWLRQ
PD\VKDSHURRWWXUQRYHUUDWHV0DMGLDQG$QGHUVVRQ0F&RUPDFNDQG*XR'XH
WRWKHLUVSHFLILFSKHQRORJ\DQGGHYHORSPHQWZLQWHUFURSVWDNHXSZDWHUDQGQXWULHQWVEHIRUH
EXG EUHDN RFFXUV LQ WUHHV LQ ODWH VSULQJ %XUJHVV HW DO 'XIRXU HW DO  7RSVRLO










7KH GLVWDQFH WR WUHH WUXQN LV DQRWKHU SRWHQWLDO IDFWRU LQIOXHQFLQJ URRW G\QDPLFV 7KHPRVW





GLVWDQFH& WUDQVSRUW WKHRU\EDVHGRQ WKH WUDQVSRUWUHVLVWDQFHPRGHO 0LQFKLQDQG/DFRLQWH
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QLJUD / WUHHV DUH JURZQ LQWHUFURSSHG ZLWK GXUXP ZKHDW 7ULWLFXP WXUJLGXP / VXEVS
GXUXP 2XU REMHFWLYHV ZHUH WR H[DPLQH WKH SKHQRORJ\ HORQJDWLRQ DQG WXUQRYHU UDWHV RI
ZDOQXWILQHURRWVDQGWRHVWLPDWHWKHLQIOXHQFHRIVRLOGHSWKURRWGLDPHWHUDQGGLVWDQFHWRWKH
WUXQNRIQHDUE\ WUHHV:HK\SRWKHVL]H WKDW L ILQHURRWG\QDPLFVDUH LQV\QFKURQ\ZLWK OHDI
JURZWK SHDNLQJ LQ ODWH VSULQJ DQG DUH DUUHVWHG GXULQJ WKH GU\ PRQWKV DQG LQ DXWXPQ DQG
ZLQWHUDIWHU OHDIIDOO  LLILQHURRW WXUQRYHUUDWHVDQGPRUWDOLW\DUH ORZHU LQGHHSVRLO OD\HUV








0HDVXUHPHQWV ZHUH FRQGXFWHG DW WKH 5HVWLQFOLqUHV IDUP HVWDWH ORFDWHG  NP 1RUWK RI
0RQWSHOOLHU)UDQFH /RQJLWXGH¶(/DWLWXGH¶1PDVO7KHFOLPDWH LV VXE
KXPLG0HGLWHUUDQHDQZLWKDQDYHUDJHDQQXDOUDLQIDOORIPPPHDQIURPWR
ZKLFKLVORZHVWLQ-XO\DQGKLJKHVWLQ6HSWHPEHUWR'HFHPEHU7KHPHDQWHPSHUDWXUHPHDQ
IURP  WR  LV & ZLWK D PD[LPXP PRQWKO\ PHDQ LQ -XO\  & DQG
PLQLPXPLQ-DQXDU\&)LJ,,67KHVRLOLVDVLOW\FOD\FOD\DQGVLOW
GHHS DOOXYLDO )OXYLVRO ,866 :RUNLQJ *URXS :5%  DQG WKH DYHUDJH S+ LV
DSSUR[LPDWHO\'XSUD]HWDO
7KHVWXG\VLWHLVDQDOOH\FURSSLQJSORWZKHUHK\EULGZDOQXWWUHHV-XJODQVUHJLDîQLJUDFY
1* ZHUH SODQWHG LQ SDUDOOHO HDVWZHVW RULHQWHG WUHH URZV VSDFHG DW  P 7UHHV ZHUH
SODQWHGHYHU\PDORQJWKHWUHHURZV,QWKHLQWHUURZVFURSVDUHSODQWHGPDZD\IURPWKH





















IUDPHZDV VHWXSRQ WKHZDOOVRI WKHZKROH SLW DW WKHHQGRI WKHGLJJLQJSKDVH:KHQHYHU
ODUJHJDSVEHWZHHQVRLODQGWKHZRRGHQSODQNVZHUHIRXQGWKHVHZHUHILOOHGZLWKWKHRULJLQDO
VRLO RI WKH VLWH DQG GHSWK 7KH SLW ZDV FRYHUHG E\ D OLJKWFRORXUHG PHWDOOLF URRI ZKLFK
SUHYHQWHG ERWK UDGLDWLRQ DQG UDLQ IURP HQWHULQJ WKH SLW 7KH UDLQ SRROLQJ RQ WKH URRI ZDV






SRO\YLQ\OFKORULGH WXEHV  FP LQ OHQJWK DQG  FP LQ GLDPHWHUZHUH LQVWDOOHG LQWR WKH
ODWHUDOSLWZDOOVXVLQJDGULOODWGHSWKVRIDQGP:RRGHQSODQNVZHUHFXWDV
FORVHO\ DV SRVVLEOH WR ILW DURXQG WKH WXEHV DQG DYRLG VRLO HYDSRUDWLRQ (LJKW WXEHV ZHUH
ORFDWHGDWDGLVWDQFHRIPIURPWKHWUHHVDQGHLJKWDGGLWLRQDOWXEHVDWPLQWKHPLGGOHRI
WKH LQWHUURZ)LJ ,,7XEHVZHUH LQVHUWHGZLWKDGHJUHHDQJOHDQGWKXVUHDFKHGD
GHSWKRIPEHORZWKHGHSWKDWZKLFK WKH\ZHUH LQVWDOOHG(YHQLIPHDVXUHPHQWVRIURRW
JURZWKLQPLQLUKL]RWURQVDUHOLNHO\WREHELDVHGGXHWRWKHGLVWXUEDQFHRILQWDFWVRLOV6WUDQG
HWDOPLQLUKL]RWURQVDUH WKHPRVWFRPPRQO\XVHGGHYLFHV WRPHDVXUH URRWG\QDPLFV
EHFDXVH WKH\DOORZGLUHFW FRQWLQXRXV QRQGHVWUXFWLYH LQ VLWX REVHUYDWLRQV)LQH URRWVZHUH
PRQLWRUHGIURPWKHILUVWPRQWKDIWHUPLQLUKL]RWURQLQVWDOODWLRQ1HYHUWKHOHVVDVDSUHFDXWLRQ
DQG WR DOORZ IRU D VWDELOL]DWLRQ SHULRG IROORZLQJ WKH VRLO GLVWXUEDQFH DVVRFLDWHG ZLWK WKH
LQVWDOODWLRQWKHURRWG\QDPLFVGDWDLQWKHILUVWPRQWKVDIWHUPLQLUKL]RWURQLQVWDOODWLRQZHUH
H[FOXGHG IURPDQDO\VHV *UDHIH HW DO :HHQVXUHG WKLV VWDELOL]DWLRQSHULRGZDV ORQJ
HQRXJKE\FRPSDULQJUHVXOWVIURPWKHVHPLQLUKL]RWURQVZLWKUHVXOWVIURPSUHYLRXVO\LQVWDOOHG
PLQLUKL]RWURQVLQWKHVLWHVHHEHORZ
2XWVLGH WKHSLWVL[RWKHUPLQLUKL]RWURQVZHUH LQVWDOOHG LQ1RYHPEHULQ WKHVDPHSORW









5RRW G\QDPLFV ZHUH UHFRUGHG XVLQJ D VFDQQHU V\VWHP &, 5RRW *URZWK 0RQLWRULQJ
6\VWHP&,'86$ )LYH LPDJHV  FP î  FP SHU WXEHZHUH WDNHQ HYHU\ WKUHH
ZHHNVGXULQJDRQH\HDUSHULRGIURP$XJXVWWR$XJXVW








5RRW LPDJHVZHUH DQDO\VHG XVLQJ WKH:LQ5+,=27URQ VRIWZDUH 5pJHQW&DQDGD WR WUDFH
URRWV ZKLOHPDUNLQJ WKHLU OHQJWK DQG GLDPHWHU *UDHIH HW DO  )RU WKH DQDO\VLV RQO\
ZDOQXW URRWV ZHUH GLJLWL]HG DQGZHUH JLYHQ XQLTXH LGHQWLILFDWLRQ QXPEHUV ,W ZDV HDV\ WR
GLVWLQJXLVKZDOQXWURRWVIURPGXUXPZKHDWURRWVEDVHGRQWKHLUPRUSKRORJLFDOFKDUDFWHULVWLFV








7R FKHFN WKH GHDG VWDWXV RI URRWV VXFFHVVLYH LPDJHV UHFRUGHG LQ ODWHU SHULRGVZHUH
DQDO\VHG RQ WKH VDPH ORFDWLRQ RI WKH WXEH WR HQVXUH WKH\ UHPDLQHG EODFN DQG QR JURZWK







L OLYH OHQJWK SURGXFWLRQ //3WW LQ FP P DQG GHDG OHQJWK ORVV '//WW LQ FP P





















W DQG DW W 7R GHWHUPLQH WKH GDLO\ URRW HORQJDWLRQ UDWH 5(5 FP GD\ WKHPHDQ RI DOO
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0HDQ VRLO WHPSHUDWXUH DQG YROXPHWULF PRLVWXUH DW W ZDV FDOFXODWHG DV WKH PHDQ RI WKH












URRWV WKDWZHUHJURZLQJRYHUDJLYHQSHULRGRI WLPH 0DMGLHWDO7LHUQH\DQG)DKH\











:H XVHG WKH VHPLSDUDPHWULF &R[ 3URSRUWLRQDO +D]DUG 0RGHO &R[  WR DQDO\VH WKH












6HSDUDWH JHQHUDOL]HG OLQHDU PRGHOV */0 ZHUH XVHG ZLWK 5(5 153 DQG &'// DV WKH
GHSHQGHQW YDULDEOHV DQG URRW GLDPHWHU VRLO GHSWK RU GLVWDQFH WR WUHH WUXQN DV LQGHSHQGHQW





RI YDULDQFHV ZDV FKHFNHG DQG D ORJWUDQVIRUPDWLRQ XVHG ZKHQ GDWD GLG QRW FRPSO\ ZLWK
QRUPDOLW\RIWKHUHVLGXDOVLQWKHPRGHO7KHVHDQDO\VHVZHUHIROORZHGE\DRQHZD\DQDO\VLV
RI YDULDQFH $129$ IRU HDFK IDFWRU 3RVWKRF GLIIHUHQFHV EHWZHHQ URRW GLDPHWHUV ZHUH
DQDO\VHG XVLQJ 7XNH\




0HLHU DQG&R[ 3URSRUWLRQDO+D]DUGPHWKRGV XVLQJ WKH µ6XUYLYDO¶ SDFNDJH LQ5 7KHUQHDX
:LOFR[RQWHVWVZHUHXVHGWRGHWHUPLQHVLJQLILFDQFHLQURRWVXUYLYRUVKLSDQGOLIHVSDQ





7ZR GLVWLQFW SHULRGV RI URRW JURZWK ZHUH REVHUYHG )LJV ,, ,,D RQH GXULQJ WKH
















7KH LQWHQVLW\ PHDVXUHGDV WKHPD[LPXP5(5DQG WKHGXUDWLRQRI WKH URRWJURZWKSHULRG
DOVRGLIIHUHGZLWKVRLOGHSWKJURZWKIOXVKHVZHUHPRUHLQWHQVHDQGRIVKRUWHUGXUDWLRQLQWKH






 +RZHYHU WKH LQWHUDFWLRQ EHWZHHQ VRLO GHSWK DQG GLVWDQFH WR WUHH WUXQN ZDV KLJKO\
VLJQLILFDQW) 3 7DEOH,,5RRWJURZWKWHQGHGWRRFFXUPDLQO\FORVHWR
WKH WUHH WKDQ IXUWKHUDZD\ IURP LW )LJV ,,DEDQG LQ VKDOORZ OD\HUV P5RRW
JURZWK VWDUWHG LQ$SULO LQGLVWDO URRWVEXW LQSUR[LPDO URRWV LW RFFXUUHGRQHPRQWK ODWHU LQ
0D\ZKLFKZDVQRWWKHFDVHLQGHHSHUURRWV

 5(5  153  &'//
 )YDOXH 3U!)  )YDOXH 3U!)  )YDOXH 3U!)
'LDPHWHU  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'HSWK     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 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'LVWDQFH        
'LDPHWHU
î'HSWK  











     
7DEOH,,$129$RQWKH*/0PRGHOIRUURRWHORQJDWLRQUDWH5(5FXPXODWLYHQHWURRW
SURGXFWLRQ&153DQGFXPXODWLYHGHDGOHQJWKORVV&'//DVDIXQFWLRQRIWKH
ILQH URRW GLDPHWHU VRLO GHSWK GLVWDQFH WR WKH WUHH DQG LQWHUDFWLRQV EHWZHHQ










P RQH LQ WKHZLQWHU DQG RQH LQ WKH VXPPHU EXW IRU GHHS URRWV QR SUHIHUHQWLDO SHULRG RI









7KH FXPXODWLYH GHDG URRW OHQJWK DQG QXPEHU RI GHDG URRWV LQ WKH  P VRLO KRUL]RQ




6RLO'HSWKP    
&//3FPP    
&'//FPP    
LQHDFKVRLOOD\HURIWKHWRWDO
URRWOHQJWKSURGXFHGRYHU\HDU    









   
7DEOH ,, &XPXODWLYH OLYH OHQJWK SURGXFWLRQ &//3 DQG FXPXODWLYH GHDG OHQJWK ORVV
&'//RYHU\HDUHVWLPDWHGSHUFODVVRIGHSWKRIURRWOHQJWKSURGXFHGLQ
HDFK VRLO OD\HU UHODWLYH WR WKH WRWDO URRW OHQJWK SURGXFHG RI WKH WRWDO URRW
OHQJWK PRGDOLW\ SHU HDFK VRLO OD\HU DQG WRWDO QXPEHU RI URRWV SHU P RI

















IURP WKH QHDUHVW WUHHV DQG DW E P IURP WKH QHDUHVW WUHHV &XPXODWLYH GHDG OHQJWK ORVV
&'//FPPIRUHDFKVRLOGHSWKDWDGLVWDQFHRIFPIURPWKHQHDUHVWWUHHDQGGP























RQ5(5ZDVIRXQGUð ) 3 7KHLQWHUDFWLRQRIVRLOWHPSHUDWXUHDQGVRLO
YROXPHWULF PRLVWXUH ZDV QRW VLJQLILFDQW 6RLO PRLVWXUH PHDVXUHPHQWV ZHUH QRW UHFRUGHG














0HGLDQ URRW OLIHVSDQHVWLPDWHVGLIIHUHGEHWZHHQGLDPHWHUFODVVHV )LJ ,,7KHVXUYLYDO
SUREDELOLW\HVWLPDWHGZLWKWKHVHDSSURDFKHVZDVQRWVPRRWKEXWIROORZHGDVHULHVRIVWHSVGXH
WR WKH SUHGLFWLYHPRGHO )LJ ,, 5RRW GLDPHWHU VRLO GHSWK DQG WKHLU LQWHUDFWLRQ KDG D
VLJQLILFDQWLQIOXHQFHRQ&'//7DEOH,,7KHVXUYLYDOSUREDELOLW\RIH[WUHPHO\ILQHURRWV
 PP GHFUHDVHG IDVWHU RYHU WLPH WKDQ WKDW RI ILQH URRWV ZLWKLQ WKH RWKHU GLDPHWHU
FODVVHVPPDQGPP)LJ,,D1RURRWVVXUYLYHGORQJHUWKDQWKH\HDU
VWXG\SHULRG$IWHUGD\VILQHURRWVKDGDQHVWLPDWHGVXUYLYDOSUREDELOLW\RIUHJDUGOHVV
RI WKHLU GLDPHWHU FODVV )LJ ,,D )LQH URRW PHGLDQ OLIHVSDQ LQFUHDVHG ZLWK LQFUHDVLQJ
GLDPHWHUFODVVDQGZDVHVWLPDWHGLQWKHUDQJHGD\V7DEOH,,)LQHURRWWXUQRYHU
VLJQLILFDQWO\GHFUHDVHGZLWKLQFUHDVLQJGLDPHWHUDQGZDVHVWLPDWHGLQWKHUDQJH\U
'HHS URRWV OLYHG ORQJHU PRQWKV RQ DYHUDJH WKDQ VKDOORZ URRWV DQG ILQH URRW WXUQRYHU
DYHUDJHGDQG\UIRUWKHGHSWKVPDQGPUHVSHFWLYHO\7DEOH,,







 'LDPHWHUFODVVHVPP  6RLOOD\HUP






















7DEOH ,, 0HGLDQ OLIHVSDQ RI LQGLYLGXDO URRWV HVWLPDWHG XVLQJ SURSRUWLRQDO KD]DUG
UHJUHVVLRQVSHUGLDPHWHUFODVVDQGVRLOOD\HU6WDQGDUGGHYLDWLRQVDUHLQGLFDWHG




PP DQG E HDFK VRLO OD\HU P DQG P IURP$XJXVW





   
 'LDPHWHUFODVVHVPP  'LDPHWHUFODVVHVPP
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7DEOH ,, 0HGLDQ OLIHVSDQ RI LQGLYLGXDO URRWV HVWLPDWHG XVLQJ SURSRUWLRQDO KD]DUG
UHJUHVVLRQVSHUGLDPHWHUFODVVDQGVRLOOD\HU6WDQGDUGGHYLDWLRQVDUHLQGLFDWHG
































GHHS URRWV WKXV YDOLGDWLQJ WKH ILUVW SDUW RI RXU VHFRQG K\SRWKHVLV -RVOLQ DQG +HQGHUVRQ
DQG+HQGULFNDQG3UHJLW]HU  IRXQGVLPLODU UHVXOWV LQD4XHUFXVDOED/ IRUHVW
DQGLQDQRUWKHUQKDUGZRRGVUHVSHFWLYHO\'HHSURRWVLQRXUVWXG\KDGUHODWLYHO\KLJKJURZWK
UDWHVDQGVXUYLYDOSUREDELOLWLHVFRPSDUHG WRURRWV LQVKDOORZVRLO OD\HUV5RRW ORQJHYLW\KDV
EHHQIRXQGWRLQFUHDVHZLWKVRLOGHSWKGRZQWRPIRU&RQFRUGJUDSH9LWLVODEUXVFDQD%
$QGHUVRQ HW DO  DQG GRZQ WR P IRU SHDFK WUHHV 3UXQXV SHUVLFD/:HOOV HW DO
,QVKDOORZVRLOKRUL]RQVWHPSHUDWXUHDQGPRLVWXUHKDYHODUJHUIOXFWXDWLRQVWKDQGHHSHU
LQ WKH VRLO ZKLFK ZDV WKH FDVH LQ RXU VWXG\ DQG WKLV PD\ DIIHFW URRW OLIHVSDQ *LOO DQG
-DFNVRQ+HQGULFNVHWDO0F&RUPDFNDQG*XR,QDGGLWLRQZDOQXWURRWV
PD\ VXIIHU IURPFRPSHWLWLRQZLWK WKH DQQXDO LQWHUFURS LQ WRSVRLO 0XOLD DQG'XSUD]
&DUGLQDHOHWDOFZKHUHGU\VRLOFRQGLWLRQVPLJKWFRQWULEXWHWRUHGXFHWKHOLIHVSDQRI
ZDOQXWURRWV7KXVGHHSURRWVPD\DFWDVDUHOLDEOHDQGORQJHUWHUP&VLQN.HOOEXW




ZDV ORFDWHG LQ WKH WRS P(LJKWHHQ \HDUV DIWHU WUHH SODQWLQJ QR DGGLWLRQDO VWRUDJHZDV
IRXQG EHORZ P 7KLV UHVXOWPD\ EH GXH WR D ORZHU& LQSXW DW GHSWK WKDQ LQ WKH WRSVRLO













)LQH URRW WXUQRYHU GHFUHDVHGZLWK LQFUHDVLQJ URRW GLDPHWHU FODVVZKLFK IXOO\ FRQILUPV RXU
VHFRQGK\SRWKHVLV7KLVSKHQRPHQRQKDVEHHQREVHUYHGIRUPDQ\VSHFLHV*LOODQG-DFNVRQ




UDWHV $QGHUVRQ HW DO  DQG WKLFNHU URRWV XVXDOO\ KDYH ORZHU FRQFHQWUDWLRQV RI1 EXW
KLJKHUFRQFHQWUDWLRQVRIFDUERK\GUDWHOLJQLQDQGFHOOXORVHFRPSDUHGWRWKLQQHUURRWV*XRHW
DO3ULHWRHWDOD7KLFNHUURRWVDUHWKHQPRUHH[SHQVLYHWRFRQVWUXFWLQWHUPVRI&









DFFXUDWHO\ DQVZHU WKLV TXHVWLRQ EXW RXU VWXG\ VXJJHVWV WKDW URRW DQG VKRRW SURGXFWLRQZDV
V\QFKURQRXVVLQFHWKH\RFFXUUHGZLWKLQWKHVDPHPRQWK7KLVV\QFKURQLVPRQO\KDSSHQHGLQ
WRSVRLO OD\HUVZKHUHDVURRWJURZWKZDVGHOD\HGLQGHHSHUVRLO OD\HUV LQGLFDWLQJDGHJUHHRI
DV\QFKURQ\ ZLWKLQ WKH URRW V\VWHP :H K\SRWKHVL]H WKDW WKLV ODJ LQ URRW JURZWK ZLWK
LQFUHDVLQJVRLOGHSWKPLJKWEHGXHWRDUDSLGH[KDXVWLRQRIWKHUHVRXUFHVHVSHFLDOO\ZDWHULQ












VRXWKHUQ )UDQFH -RXUGDQ XQSXEOLVKHG GDWD DQG IRU FRQLIHU VSHFLHV LQ 0HGLWHUUDQHDQ
HFRV\VWHPV /HVKHP:DLVHO HW DO  ,Q RXU VWXG\ZH UHSRUWZLQWHU URRW JURZWK
DOVR LQ GHHS VRLO OD\HUV ZKLFKPD\ EH GXH WR HGDSKLF VRLO FRQGLWLRQV DV WHPSHUDWXUH DQG
PRLVWXUHZHUHOHVVYDULDEOHWKDQLQWKHWRSVRLO6XFKVWDEOHHQYLURQPHQWDOFRQGLWLRQVLQGHHS
VRLO OD\HUVPD\PDNHURRWJURZWKSRVVLEOH,Q0HGLWHUUDQHDQHFRV\VWHPV WKHVRLOVXUIDFHLV
XVXDOO\ KXPLG GXULQJ WKH ZLQWHU ZKHUHDV LQ VXPPHU LW EHFRPHV YHU\ GU\ SUHYHQWLQJ URRW
JURZWK /HVKHP  :DLVHO HW DO  $OWKRXJK UHPRELOL]DWLRQ RI QRQVWUXFWXUDO &















DQG WHPSHUDWH FOLPDWHV *LOO DQG -DFNVRQ  +HQGULFNV HW DO 0DR HW DO D
0F&RUPDFNDQG*XRDQGVHHPVWRRSHUDWHDOVRLQ0HGLWHUUDQHDQDJURIRUHVWU\V\VWHPV





RI P DQG WKHUHIRUH QHYHU UHDFKHG OHYHOV GHOHWHULRXV IRU URRW JURZWK 0F&RUPDFN DQG




6XUSULVLQJO\ WKH ODFNRI UHODWLRQVKLSZLWK VRLO YROXPHWULFPRLVWXUH DQG URRW JURZWKZDV LQ
FRQWUDVW WR SUHYLRXV VWXGLHV LQ IRUHVW HFRV\VWHPV LQ D0HGLWHUUDQHDQ FOLPDWH /ySH] HW DO
0LVVRQHW DO7KHVH VWXGLHV IRXQG WKDW URRWJURZWKZDV OHVV UDSLG LQYHU\GU\
FRQGLWLRQV $W RXU VLWH D ZDWHU WDEOH LV SUHVHQW DW D GHSWK EHWZHHQ  DQG  P DQG VRLO
YROXPHWULFPRLVWXUHYDULHGOLWWOHGXULQJVSULQJDQGVXPPHUPRQWKVWKURXJKRXWWKHHQWLUHVRLO
SURILOH GDWDQRWVKRZQH[FHSW LQ WKH WRSVRLO+RZHYHUVRLOYROXPHWULFPRLVWXUHZDVRQO\





)LQH URRW WXUQRYHU HVWLPDWHVRIZDOQXW WUHHVZHUHEHWZHHQDQG\U LH KLJKHU WKDQ
WKRVH FRPPRQO\ UHSRUWHG IRU IRUHVW HFRV\VWHPV 3ULHVV HW DO  FRQILUPLQJ RXU WKLUG
K\SRWKHVLV$FFRUGLQJWRRWKHUVWXGLHVLQWHPSHUDWHIRUHVWVILQHURRWWXUQRYHUZDVDERXW




ELUFK %HWXOD DOOHJKDQLHQVLV %ULWW 0F&RUPDFN DQG *XR  IRXQG WXUQRYHU UDWHV
EHWZHHQDQG\UIRUWHPSHUDWHWUHHVSHFLHVLQ86$DQG%UXQQHUHWDOLQ
WKHLUJOREDOUHYLHZRIVHYHUDO(XURSHDQ)DJXVV\OYDWLFDIRUHVWVIRXQGWKDWILQHURRWWXUQRYHU
UDQJHG IURP  WR  \U XVLQJ D VHTXHQWLDO FRULQJ PHWKRG 7KH WXUQRYHU UDWHV ZH
PHDVXUHG ZHUH FORVHU WR WKRVH HVWLPDWHG LQ WURSLFDO FOLPDWHV HJ  DQG  \U IRU
(XFDO\SWXVJUDQGLV: LQ%UD]LO -RXUGDQHWDO\U IRU(XFDO\SWXVVS LQ&RQJR









DQG ORQJHYLW\ 0DMGL HW DO  +HQGULFNV HW DO  $ VWDELOL]DWLRQ WLPH LV XVXDOO\
UHTXLUHGWRHQVXUHWKDWVRLOGLVWXUEDQFHDWWKHLQVWDOODWLRQRIWKHPLQLUKL]RWURQVGRHVQRWOHDG
WR D IOXVK RI ILQH URRWV ZKLFK ZRXOG RYHUHVWLPDWH QRUPDO URRW JURZWK )RU H[DPSOH
PLQLUKL]RWURQV VWXGLHV LQLWLDWHG DIWHU  PRQWKV RI VWDELOL]DWLRQ LQ WHPSHUDWH IRUHVWV
+HQGULFNVHWDODQGDIWHUPRQWKVRIVWDELOL]DWLRQLQWURSLFDOIRUHVWV*UDHIHHWDO
 $OWKRXJK WKH VWDELOL]DWLRQ WLPH ZDV VKRUW LQ RXU VWXG\ WZR PRQWKV EHWZHHQ
LQVWDOODWLRQ DQG WKH ILUVW VFDQ WKH KLJKHVW QHW ILQH URRW SURGXFWLRQ )LJ ,,D DQG5(5
)LJ ,,ZHUHPHDVXUHGGXULQJ WKH VSULQJ LH DERXW\HDUDIWHU WKH LQVWDOODWLRQRI WKH
PLQLUKL]RWURQV $ IOXVK RI ILQH URRW SURGXFWLRQ ZKLFK LV FKDUDFWHULVWLF ULJKW DIWHU WKH
LQVWDOODWLRQRIWKHWXEHVZDVQRWREVHUYHGLQWKHILUVWPRQWKVRIPRQLWRULQJ7KHUHOLDELOLW\RI




VWXG\ SLW DW WKH VDPH GHSWK  P UHJDUGOHVV RI WKH GLDPHWHU FODVV 7DEOH ,,6
)OXVKHVRIILQHURRWSURGXFWLRQZHUHV\QFKURQRXVEHWZHHQWKHVL[VXUIDFHWXEHVDQGWKHWXEHV
LQWKHSLWDWWKHVDPHGHSWK)LJXUH,,6+RZHYHUURRWSURGXFWLRQDQG5(5ZHUHVOLJKWO\
ORZHU LQ WKH WXEHV LQVWDOOHG  PRQWKV EHIRUH LQ WKH SORW FRPSDUHG WR WKRVH LQ WKH SLW
7KHUHIRUH WKH VWDELOL]DWLRQ SHULRGPD\ KDYH TXDQWLWDWLYHO\ LQIOXHQFHG ILQH URRW SURGXFWLRQ
PRUH WKDQ URRW SKHQRORJ\ (YHQ WKRXJK ILQH URRW JURZWK DW WKH RQVHW RI WKH VWXG\ SHULRG
PLJKW KDYH EHHQ VOLJKWO\ RYHUHVWLPDWHG FRPSDULVRQV RI URRW SKHQRORJ\ DQG PRUWDOLW\
EHWZHHQ VRLO OD\HUV DUH UHOLDEOH VLQFH DOO WKH WXEHV LQVLGH WKH GHHS SLW ZHUH LQVWDOOHG







+\EULGZDOQXW WUHHV LQ DQ DJURIRUHVWU\ V\VWHP XQGHU0HGLWHUUDQHDQ FRQGLWLRQV UHYHDOHG DQ
XQH[SHFWHGIXQFWLRQLQJRIILQHURRWV7KHUDSLGILQHURRWWXUQRYHULQWKHWRSVRLODQGWKHILQH
URRW JURZWK LQ GHHS VRLO OD\HUV LQ WKH ZLQWHUPD\ UHIOHFW WUHH SODVWLFLW\ LQ UHVSRQVH WR WKH
KHWHURJHQHLW\RIVRLOFRQGLWLRQV,Q0HGLWHUUDQHDQDJURIRUHVWU\V\VWHPVFRPSHWLWLRQZLWKWKH
LQWHUFURSV LQGXFHV H[WUHPHO\ YDULDEOH VRLO FRQGLWLRQV WKURXJKRXW WKH \HDU IRUFLQJ WKH WUHH
URRWV WR H[SORUH DQG WDS GHHSHU OD\HUV 0XOLD DQG 'XSUD]  &DUGLQDHO HW DO F
(VWDEOLVKLQJGHHSURRWV\VWHPVZLOODOVRKHOSDJURIRUHVWU\WUHHV WRZLWKVWDQG ORQJRULQWHQVH
VXPPHU GURXJKWVZKLFK DUH H[SHFWHG WR LQFUHDVH LQ WKH IXWXUH LQ WKH0HGLWHUUDQHDQ UHJLRQ
6RORPRQHWDO



























7DEOH ,,6 0HGLDQ OLIHVSDQ RI LQGLYLGXDO URRWV HVWLPDWHG XVLQJ SURSRUWLRQDO KD]DUG
UHJUHVVLRQVSHUGLDPHWHUFODVVDWPVRLOGHSWKKRUL]RQREWDLQHGZLWK
WKH PLQLUKL]RWURQV LQ WKH SORW 6WDQGDUG GHYLDWLRQV DUH LQGLFDWHG 'LIIHUHQW




)LJXUH ,,6 2PEURWKHUPLF GLDJUDP RI WKH VWXG\ SHULRG DLU WHPSHUDWXUH & UDLQIDOO
PP
 'LDPHWHUFODVVHVPP
   
0HGLDQOLIHVSDQGD\V F E D
7XUQRYHU
\U   
1
































7KH H[SHULPHQWDO VLWH ZDV ORFDWHG LQ 3UDGHVOH/H]  NP 1RUWK RI 0RQWSHOOLHU )UDQFH
/RQJLWXGH ¶ ( /DWLWXGH ¶ 1 HOHYDWLRQ P DVO 7KH FOLPDWH LV VXEKXPLG
0HGLWHUUDQHDQ ZLWK DQ DYHUDJH WHPSHUDWXUH RI & DQG DQ DYHUDJH DQQXDO UDLQIDOO RI
PP\HDUV±7KHVRLO LVD VLOW\DQGFDUERQDWHGGHHSDOOXYLDO)OXYLVRO ,866
:RUNLQJ*URXS:5%,Q)HEUXDU\DKHFWDUHDOOH\FURSSLQJDJURIRUHVWU\SORW
ZDVHVWDEOLVKHGZLWKWKHSODQWLQJRIK\EULGZDOQXW-XJODQVUHJLDîQLJUDFY1*WUHHVDWD
FXUUHQWGHQVLW\RI WUHHVKD7UHHVZHUHSODQWHGDWPîPVSDFLQJDQG WUHH URZV
ZHUH(DVW±:HVWRULHQWHG7KHFXOWLYDWHGLQWHUURZVDUHPZLGH7KHUHPDLQLQJSDUWRIWKH
SORWKDZDVNHSWDVDFRQWURODJULFXOWXUDOSORW6LQFHWKHWUHHSODQWLQJWKHDJURIRUHVWU\














PHWHU XS WR PD[LPXP KHLJKW RI WKH WUHH WR HVWLPDWH LWV YROXPH 7KH WUXQN ELRPDVV ZDV
HVWLPDWHGPXOWLSO\LQJWKHWUXQNYROXPHE\WKHZRRGGHQVLW\WKDWZDVPHDVXUHGDWNJP
GXULQJDSUHYLRXVZRUNDW WKHVDPHVLWH 7DOERW7KHQEUDQFKHVZHUHFXW WKH VWXPS
ZDVXSURRWHGDQGWKH\ZHUHZHLJKWHGVHSDUDWHO\6DPSOHVZHUHEURXJKWWRWKHODERUDWRU\WR
GHWHUPLQH WKHLUPRLVWXUH FRQWHQWZKLFK HQDEOHG FDOFXODWLRQRI WKHEUDQFKHV DQG VWXPSGU\
PDVV7KUHHVDPSOHVRIWKHWUXQNDQGRIWKHEUDQFKHVZHUHDQDO\]HGZLWKD&+1HOHPHQWDO
DQDO\]HU&DUOR(UED1$0LODQ,WDO\WRGHWHUPLQHWKHLUFDUERQFRQFHQWUDWLRQ&DUERQ





,Q0DUFK D GHHSSLWZDVRSHQ LQ WKH DJURIRUHVWU\SORW SHUSHQGLFXODU WR WKH WUHH URZ




EH SUHVHQWHG KHUH %ULHIO\ WUHH ILQH URRW LPSDFWV ZHUH FRXQWHG XVLQJ D JULG ZLWK UHJXODU





















,Q  WKH FURZQV RI WZR ZDOQXW WUHHV ZHUH SDFNHG ZLWK D QHW LQ RUGHU WR FROOHFW OHDI
OLWWHUIDOOIURP6HSWHPEHUWR-DQXDU\7KHVDPHZDVGRQHLQZLWKWKUHHRWKHUZDOQXWWUHHV
)LJ,,/HDIELRPDVVZDVGULHGDW&DQGVXEVDPSOHVZHUHDQDO\]HGZLWKD&+1
HOHPHQWDO DQDO\]HU &DUOR (UED 1$  0LODQ ,WDO\ WR GHWHUPLQH WKHLU FDUERQ
FRQFHQWUDWLRQ/HDIELRPDVVZDV WKHQGULHGDW& WRGHWHUPLQH WRWDOGU\PDWWHU NJ'0




6LQFH WKH WUHH SODQWLQJ LQ  \LHOG DQG WRWDO DERYHJURXQG ELRPDVV RI WKH FURS ZHUH
PHDVXUHGLQERWKWKHFRQWURODQGWKHDJURIRUHVWU\SORW'XIRXUHWDO,QWKHFRQWUROSORW
ILYH UHSOLFDWHV RI  P HDFK ZHUH VDPSOHG ,Q WKH DJURIRUHVWU\ SORW ILYH WUDQVHFWV ZHUH
VDPSOHG)LJ,,(DFKWUDQVHFWZDVPDGHRIWKUHHVDPSOLQJSORWVPHDFKP1RUWK
IURPWKHWUHHP6RXWKIURPWKHWUHHDQGPIURPWKHWUHHPLGGOHRIWKHLQWHUURZ%DVHG
RQ UDGLDWLRQPHDVXUHPHQWV KHPLVSKHULFDOSLFWXUHV WDNHQDWGLIIHUHQWGLVWDQFHV LQ WKH LQWHU
URZ LQ  LW ZDV HVWLPDWHG WKDW \LHOG PHDVXUHPHQWV  P 1RUWK IURP WKH WUHHV ZHUH
UHSUHVHQWDWLYHRIDZLGWKRIPDQG\LHOGPHDVXUHPHQWVLQWKHPLGGOHRIWKHLQWHUURZZHUH
UHSUHQVHQWDWLYHRIDZLGWKRIP7KHFDUERQFRQWHQWRIWKHZKHDWVWUDZZDVDQDO\]HGRQ
VXEVDPSOHV DIWHU WKH\ ZHUH RYHQGULHG DW & IRU  KRXUV XVLQJ D &+1 HOHPHQWDO
DQDO\]HU&DUOR(UED1$0LODQ,WDO\
,Q0DUFKDPGHHSSLWZDVRSHQHGLQWKHDJULFXOWXUDOFRQWUROSORW3ULHWRHWDOD
ZKHDW ILQH URRWGLVWULEXWLRQZDVPDSSHGDQG URRWELRPDVVZDVTXDQWLILHG WR WKHPD[LPXP
URRWLQJGHSWKP7KHURRWVKRRWUDWLRRIWKHGXUXPZKHDWZDVPHDVXUHGLQWKHFRQWURO
SORW:HDVVHVVHG WKDWGXUXPZKHDWJURZQLQ WKH DJURIRUHVWU\SORWKDG WKHVDPHURRWVKRRW
UDWLRDQGZKHDWURRWELRPDVV LQ WKHDJURIRUHVWU\SORWZDVHVWLPDWHGXVLQJ WKLVUDWLR$VWKH
VDPHPD[LPXPURRWLQJGHSWKRIWKHGXUXPZKHDWZDVREVHUYHGLQWKHDJURIRUHVWU\SORWWKDQ













HDFK VTXDUH )LJ ,, URRW ELRPDVV ZDV VDPSOHG ZLWK D F\OLQGULFDO VRLO FRUHU LQQHU
GLDPHWHU RI  FP 6RLO ZDV WDNHQ LQ WKUHH VRLO OD\HUV   DQG  FP ,Q WKH
ODERUDWRU\ VRLOZDVJHQWO\ZDVKHGZLWKZDWHU WKURXJKDPPPHVK VLHYH DQG URRWVZHUH
FROOHFWHG5RRWVIURPWKHKHUEDFHRXVYHJHWDWLRQZHUHHDVLO\VHSDUDWHGIURPZDOQXWURRWVDV
WKH\ZHUHVRIWDQG\HOORZFRPSDUHGWRZDOQXWVURRWVWKDWZHUHEODFN$IWHUEHLQJVRUWHGRXW
IURP WKH VRLO DQG FOHDQHG KXPLG PDVV RI URRWV ZDV ZHLJKWHG )RU WKH DERYHJURXQG DQG
EHORZJURXQGELRPDVV VXEVDPSOHVZHUH RYHQGULHG DW & IRU  KRXUV WR FDOFXODWH WKH











 %LRPDVVNJ'0 &DUERQVWRFNNJ&WUHH &DUERQVWRFNW&KD
7UXQN   
%UDQFKHV   
6WXPS   
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    
    
    
    
7RWDO    









OHDYHVZDVPJ&J 7DEOH ,,7KH UDWLREHWZHHQ OHDIELRPDVVDQG'%+














:DOQXWWUXQN   
:DOQXWEUDQFKHV   
:KHDWVWUDZ   
:KHDWURRW   
:DOQXWOHDI   
:DOQXWILQHURRW   
6XPPHUYHJHWDWLRQ$%*   
6XPPHUYHJHWDWLRQURRWV   
:LQWHUYHJHWDWLRQ$%*   







































&RQWURO     
$JURIRUHVWU\
P
QRUWK    
P
PLGGOH    
P
VRXWK    
7DEOH ,,$ERYHJURXQGDQGEHORZJURXQGELRPDVVRI WKHZKHDW FURS LQ WKH DJURIRUHVWU\
DQGLQWKHFRQWUROSORWLQ<LHOGVWUDZELRPDVVDQGDERYHJURXQGELRPDVV
ZHUHPHDVXUHG%HORZJURXQGELRPDVVIRUWKHFRQWUROZDVPHDVXUHGLQWKHILHOG





YHJHWDWLRQ GDWD QRW VKRZQ 7KH VXPPHU DERYHJURXQG ELRPDVV ZDV DOPRVW WKUHH WLPHV
KLJKHUWKDQLQZLQWHUZKHUHDVWKHEHORZJURXQGELRPDVVZDVWZRWLPHVKLJKHU7DEOH,,
%LRPDVVW'0KD  6XPPHU :LQWHU
$ERYHJURXQG   










7UHH URZV LQ WKH DJURIRUHVWU\ V\VWHP UHFHLYHG WZR WLPHVPRUH20 LQSXWV FRPSDUHG WR WKH
FRQWUROSORW)LJ,,DQGPRUHWKDQLQWHUURZV*OREDOO\ WKHDJURIRUHVWU\SORWKDG
 PRUH 20 LQSXWV WR WKH VRLO WKDQ WKH FRQWURO SORW WR  P GHSWK  W & KD \U






)LJXUH ,, 6RLO RUJDQLF FDUERQ VWRFNV DQG RUJDQLF FDUERQ LQSXWV WR WKH VRLO D LQ WKH
DJULFXOWXUDO FRQWURO SORW E LQ WKH  \HDU ROG DJURIRUHVWU\ SORW %HORZ




































































































































































































$JURIRUHVWU\ V\VWHPV DUH D W\SH D DJURHFRV\VWHPV ZKHUH WUHHV DQG FURSV RU DQLPDOV DUH




DQG SURYLGH D YDULHW\ RI JRRGV VXFK DV WLPEHU ILEHU IUXLWV RU ILUHZRRG ,Q DGGLWLRQ
DJURIRUHVWU\ V\VWHPV DOVR KDYH D SRVLWLYH LPSDFW RQ VRLO RUJDQLF FDUERQ 62& VWRFNV
$OEUHFKWDQG.DQGML/RUHQ]DQG/DO6HYHUDOVWXGLHVVKRZHGDQLQFUHDVHRI62&





62& G\QDPLFV DUH VWLOO LQVXIILFLHQWO\ XQGHUVWRRG HVSHFLDOO\ DW GHSWK 6DORPp HW DO 
5XPSHO DQG.|JHO.QDEQHU  6WXGLHV VKRZHG WKDW 62& G\QDPLFV LV VORZHU DW GHSWK
EHFDXVHVXEVWUDWHTXDOLW\XVXDOO\GHFUHDVHVZLWKGHSWKLHWKHRUJDQLFPDWWHUDWGHSWKLVOHVV
ELRGHJUDGDEOH WKDQ WKH RUJDQLF PDWWHU LQ WRSVRLO 5XPSHO DQG .|JHO.QDEQHU 
0LFURELDO ELRPDVV LV ORZHU LQ GHHS VRLO OD\HUV 7D\ORU HW DO  (LOHUV HW DO  DQG






/LWWOH LV NQRZQ DERXW WKH VWDELOLW\ DQG G\QDPLFV RI 62& LQ DJURIRUHVWU\ V\VWHPV $ IHZ
VWXGLHVKDYHFKDUDFWHUL]HG WKH IRUPDQG ORFDWLRQRIDGGLWLRQDO62&LQRUGHU WRHYDOXDWH WKH
VWDELOLW\ RI62&XQGHU DJURIRUHVWU\ V\VWHPV7ZR VWXGLHV VKRZHG WKDW DGGLWLRQDO62&ZDV
ORFDWHG LQ SDUWLFXODWH RUJDQLF PDWWHU 320 ± DQG ± P D UDWKHU ODELOH
IUDFWLRQ +RZOHWW HW DO &DUGLQDHO HW DO D2Q WKH RSSRVLWH+DLOH HW DO 
IRXQGLQDVLOYRSDVWRUDOV\VWHPWKDWPRVWRI62&LQGHHSVRLOSURILOHVZDVGHULYHGIURPWUHH
FRPSRQHQWV DQGZDV ORFDWHG LQ D ILQH VL]HG IUDFWLRQ  P FRQVLGHUHG WR EH UHODWLYHO\
VWDEOH EHFDXVH DVVRFLDWHG WR PLQHUDO SDUWLFOHV 'HO *DOGR HW DO  DOVR VKRZHG WKDW
DIIRUHVWDWLRQUHVXOWHG LQVLJQLILFDQWDFFXPXODWLRQRIFDUERQDVVRFLDWHGZLWKPLFURDJJUHJDWHV
±PDQGVLOWFOD\P$JURIRUHVWU\V\VWHPVFDQDOVRKDYHDSRVLWLYHLPSDFW
RQ ZDWHU VWDELOLW\ RI VRLO DJJUHJDWHV 8GDZDWWD HW DO  DQG WKHUHIRUH LQFUHDVH WKH
UHVLGHQFHWLPHRIDJJUHJDWHVWKDWZRXOGSK\VLFDOO\SURWHFW62&IURPGHFRPSRVLWLRQ
7ZRPDLQVWUDWHJLHVKDYHEHHQGHYHORSHGLQWKHOLWHUDWXUHWRJDLQLQIRUPDWLRQRQWKHSK\VLFDO

























ZLWK DQ DYHUDJH WHPSHUDWXUH RI & DQG DQ DYHUDJH DQQXDO UDLQIDOO RI  PP \HDUV
±7KHVRLOLVDVLOW\DQGFDUERQDWHGGHHSDOOXYLDO)OXYLVRO,866:RUNLQJ*URXS
:5%  7KH VLWH FRPSULVHV DQ DOOH\ FURSSLQJ DJURIRUHVWU\ V\VWHP DVVRFLDWLQJZDOQXW
-XJODQVUHJLDîQLJUDFY1*WUHHVDQGGXUXPZKHDW7ULWLFXPWXUJLGXP/VXEVSGXUXP
'HVI +XVQ DQG DQ DGMDFHQW DJULFXOWXUDO FRQWURO SORW ZKHUH RQO\ WKH DQQXDO FURS LV





6RLO VDPSOHV ZHUH FROOHFWHG LQ 0D\  XVLQJ D PRWRUGULYHQ PLFUR FDWHUSLOODU GULOOHU
&DUGLQDHOHWDOD)RXUVDPSOHVZHUHWDNHQLQWKHFRQWUROSORWIRXULQWKHLQWHUURZDQG






62&FRQFHQWUDWLRQ GHFUHDVHGZLWK LQFUHDVLQJ GHSWK DQG DOPRVW GRXEOHG LQ  FP LQ WKH





































7DEOH ,,,6RLO DQDO\VHVRI LQFXEDWHG VDPSOHV&320 UDWLREHWZHHQFDUERQDPRXQW LQ
SDUWLFXODWHRUJDQLFPDWWHU320DQGWRWDO62&FDUERQVHVWDQGDUGHUURU)RU
62& FRQFHQWUDWLRQV Q  DW HDFK GHSWK )RU &320 Q  IRU HDFK GHSWK












ZDWHU ZLWK  JODVV EDOOV LQ D URWDU\ VKDNHU DW  USP WR GLVUXSW WKH DJJUHJDWHV 7KH
VXVSHQVLRQZDVWKHQIUR]HQDW&GXULQJKDQGZDVWKHQIUHH]HGULHG7KLVSURFHGXUH
ZDV FKRVHQ WR DYRLG WKHPLQHUDOLVDWLRQ WKDWZRXOG KDYH RFFXUUHG GXULQJ WKH GU\LQJ RI WKH




$OO VRLO VDPSOHV ZHUH PRLVWHQHG WR UHDFK D ZDWHU SRWHQWLDO RI  03D S) 
,PPHGLDWHO\DIWHUDGGLQJWKHZDWHU WKHJODVV MDUVZHUHIOXVKHGZLWK&2 IUHHDLU 2
16RLOVZHUHWKHQLQFXEDWHGDW&LQWKHGDUN7KH&2FRQFHQWUDWLRQDQGWKHį&
RIWKH&2ZHUHPHDVXUHGDIWHUDQGGD\VIRUWKHILUVWLQFXEDWLRQDQG
DIWHU      DQG  GD\V IRU WKH VHFRQG LQFXEDWLRQ 7KH &2 FRQFHQWUDWLRQ ZDV
GHWHUPLQHGZLWK DPLFUR*& $JLOHQW $ 7KH LVRWRSLF FRPSRVLWLRQ į&Å RI WKH
&2±&ZDVGHWHUPLQHGXVLQJD*&+HZOHWW3DFNDUGFRXSOHGWRDQ,VRWRSH5DWLR0DVV















ZKHUH5VDPSOH LV WKH && LVRWRSH UDWLRRI WKH VDPSOHDQG53'% LV WKH &&UDWLRRI WKH
LQWHUQDWLRQDOSHHGHHEHOHPQLWH3'%VWDQGDUG&RSOHQ7KHDQDO\WLFDOSUHFLVLRQRIWKH
į&PHDVXUHPHQWVZDVÅ:HDVVXPHG WKDW WKHFDUERQDWHV LQ WKHVRLO VROXWLRQZHUH LQ
LVRWRSLFHTXLOLEULXPZLWKWKHVROLGFDUERQDWHV%HUWUDQGHWDO7KHSURSRUWLRQRI&2








HDFKGHSWK&DUERQDWHVZHUH UHPRYHGDIWHU VRLOZDVH[SRVHG WR+&O YDSRUV IRUK




PJ UHDFWHG ZLWK RUWKRSKRVSKRULF DFLG GXULQJ  K DW & LQ D UHDFWLRQ YHVVHO WKDW KDG
SUHYLRXVO\ EHHQ SXULILHG RI DQ\ JDVHV ZLWK D YDFXXP SXPS DQG OLTXLG QLWURJHQ $IWHU WKH
UHDFWLRQWKH&2 LVH[SDQGHGLQWRWKHHYDFXDWHGV\VWHPDQGWKHQFRQGHQVHGLQWRDQ8WUDS




 GLG QRW YDU\ ZLWK VRLO GHSWK QRU ZLWK ORFDWLRQ WUHH URZ LQWHUURZ FRQWURO DQG
HTXDOHGÅ YDULHGZLWKGHSWKDQGORFDWLRQ,QWKHWUHHURZLWZDVDQG
ÅDWDQGFPUHVSHFWLYHO\ZKLOHLWZDVÅDQGÅDWWKHVDPH





 7KH LQLWLDO UDWH ZDV DIIHFWHG E\ UHZHWWLQJ WKH VDPSOHV DV ZHOO DV E\ WKH DJJUHJDWH
GLVUXSWLRQ WUHDWPHQW :H WKHQ GHFLGHG WR IRFXV RQ WKH VHFRQG SDUW RI WKH PLQHUDOL]DWLRQ
NLQHWLFV IURPGD\ WRGD\/LQHDUHTXDWLRQV\ Nî[EZHUHILWWHGRQWKHFXUYHV




































7KH62&GHFRPSRVLWLRQ UDWH UHDFKHGGD\ LQFPLQ WKH WUHH URZDQGZDV WZR
WLPHVKLJKHU WKDQ LQ WKH LQWHU URZRU LQ WKHFRQWURO 7DEOH ,,,1RFOHDUGLIIHUHQFHZDV
REVHUYHGEHWZHHQPRGDOLWLHVEHORZFP62&GHFRPSRVLWLRQUDWHVGHFUHDVHGH[SRQHQWLDOO\
ZLWKLQFUHDVLQJGHSWK)LJ,,,DQGUHDFKHGDERXWGD\LQFP
'HSWKFP /RFDWLRQ NGD\ E 5

7UHHURZ   
,QWHUURZ   
&RQWURO   
    

7UHHURZ   
,QWHUURZ   
&RQWURO   
    

7UHHURZ   
,QWHUURZ   
&RQWURO   
    

7UHHURZ   
,QWHUURZ   
&RQWURO   




































































































































































7KHKLJKHVW SURSRUWLRQRI62&ZKLFK LV UHVSLUHG DW  FP LQ WKH WUHH URZZDV WKHUHIRUH




'LVUXSWLRQ RI VRLO VWUXFWXUH WR  P KDG D OLWWOH EXW VLJQLILFDQW HIIHFW DW  FP






LQFXEDWLRQ WLPHZKLFKPD\KDYH FRXQWHUEDODQFHG WKHGLVUXSWLRQRI VRLO VWUXFWXUH DW D ILQHU
VFDOHWKDQLQWKHILUVWLQFXEDWLRQ











,Q WRSVRLO OD\HUV DERXW  RI VRLO UHVSLUDWLRQ FRXOG EH DWWULEXWHG WR WKH GLVVROXWLRQ RI
FDUERQDWHV ZKLOH DW GHSWK WKLV SURSRUWLRQ DWWDLQHG  WR  &DUERQDWHV FRQWHQW ZDV
FRQVWDQWZLWKGHSWKWKLVKLJKHUSURSRUWLRQLVSUREDEO\GXHWRWKHIDFWWKDW62&PLQHUDOLVDWLRQ
ZDVORZHUDWGHSWKEXWLWZRXOGEHLQWHUHVWLQJWRVWXG\FDUERQDWHVIRUPVZLWKGHSWK'XULQJ
VRLO LQFXEDWLRQV FRQWULEXWLRQ RI FDUERQDWHV LVPD[LPDO GXULQJ WKH ILUVW GD\V RI LQFXEDWLRQ
IROORZLQJ WKH UHKXPHFWDWLRQ RI VRLO VDPSOHV DQG WKHQ LW VWDELOL]HV 6RLO GLVSHUVLRQ DQG





62& PLQHUDOLVDWLRQ UDWH GHFUHDVHG H[SRQHQWLDOO\ ZLWK GHSWK VXJJHVWLQJ WKDW 62& LV OHVV
ELRGHJUDGDEOH LQ GHHS VRLO OD\HUV +RZHYHU FOD\ DQG VLOW FRQWHQWV LQFUHDVHG ZLWK GHSWK
7KHUHIRUH WKH ORZHUELRGHJUDGDELOLW\ RI62&DW GHSWK FRXOGEH H[SODLQHGE\ERWK D ORZHU



































































ILHOG 1DLU  6RPDUULED 1DLU  7KHVH V\VWHPV DUH DW WKH LQWHUIDFH EHWZHHQ
DJULFXOWXUDO V\VWHPV DQG IRUHVW V\VWHPV $OOH\ FURSSLQJ DJURIRUHVWU\ V\VWHPV DUH D W\SH RI









FDQ H[WHQG WKH JURZLQJ SHULRG DW WKH ILHOG VFDOH HVSHFLDOO\ ZKHQ ZLQWHU FURSV DUH
LQWHUFURSSHG ZLWK WUHHV KDYLQJ D ODWH EXG EUHDN %XUJHVV HW DO  7UHHV JURZQ LQ
DJURIRUHVWU\ V\VWHPV XVXDOO\ JURZ IDVWHU WKDQ WKH VDPH WUHHV JURZQ LQ IRUHVW HFRV\VWHPV









+LJKHU 20 LQSXWV WR WKH VRLO FRXOG WKHUHIRUH H[SODLQ KLJKHU 62& VWRFNV REVHUYHG LQ




IRXQG LQ &DQDGLDQ DJURIRUHVWU\ V\VWHPV EXW ZHUH RQO\ TXDQWLILHG WR  FP GHSWK








WUHHV /L HW DO  'XIRXU HW DO  7KH SURSRUWLRQ RI )20 FRPLQJ IURP WKH FURS
UHVLGXHVRUIURPWKHWUHHVFKDQJHVZLWKGLVWDQFHIURPWKHWUHHVVRLOGHSWKDQGWLPH
,Q DJURIRUHVWU\ V\VWHPV WUHH ILQH URRW GLVWULEXWLRQ ZLWKLQ WKH VRLO SURILOH LV DOVR VWURQJO\






HW DO  EHFDXVH URRW UHVLGXHV DUH SUHIHUHQWLDOO\ VWDELOL]HG ZLWKLQ PLFURDJJUHJDWHV RU
DGVRUEHGRQFOD\SDUWLFOHV0RUHRYHU HQYLURQPHQWDO FRQGLWLRQV WHPSHUDWXUHPRLVWXUH DUH
PRUH EXIIHUHG LQ VXEVRLO WKDQ LQ WRSVRLO ZLWK UHGXFWLRQ LQ R[\JHQ FRQFHQWUDWLRQ 7KH
PLFURELDOELRPDVV LV DOVR ORZHU LQGHHS VRLOV FRPSDUHG WR VXUIDFH VRLOV )LHUHU HW DO 
(LOHUVHWDOUHVXOWLQJLQORZHUGHFRPSRVLWLRQUDWHV'HHSURRWFDUERQLQSXWLQWKHVRLO
FRXOGWKHUHIRUHFRQWULEXWHWRDPRUHVWDEOH62&VWRUDJH+RZHYHUUHFHQWVWXGLHVVKRZHGWKDW







WKH QHW HIIHFW RI GHHS URRWV RQ 62& VWRFNV KDV WR EH DVVHVVHG HVSHFLDOO\ LQ DJURIRUHVWU\
V\VWHPV
6HYHUDOPRGHOV KDYH EHHQ GHYHORSHG WR VLPXODWH LQWHUDFWLRQV IRU OLJKW ZDWHU DQG QXWULHQWV
EHWZHHQ WUHHV DQG FURSV YDQ 1RRUGZLMN DQG /XVLDQD  'XXUVPD DQG 0HGO\Q 
&KDUERQQLHUHWDORUWRSUHGLFWJURZWKDQG\LHOGLQDJURIRUHVWU\V\VWHPVYDQGHU:HUI
HWDO*UDYHVHWDO7KHVHPRGHOVDUHFUXFLDODVWKH\DOORZYLUWXDOH[SHULPHQWVWR
EHVW GHVLJQ DQG XQGHUVWDQG FRPSOH[ SURFHVVHV LQ WKHVH V\VWHPV +RZHYHU QRQH RI WKHVH
PRGHOV KDV EHHQPDGH WR VLPXODWH 62& G\QDPLFV LQ DJURIRUHVWU\ V\VWHPV 2HOEHUPDQQ	
9RURQH\  HYDOXDWHG WKH DELOLW\ RI WKH&HQWXU\PRGHO 3DUWRQ HW DO  WR SUHGLFW
62&VWRFNVLQWURSLFDODQGWHPSHUDWHDJURIRUHVWU\V\VWHPVEXWZLWKDVLQJOHOD\HUPRGHOLQJ
DSSURDFK FP7KHDSSURDFKRIPRGHOLQJ D VLQJOH VRLO OD\HU DVVXPHV WKDW GHHS620
GRHV QRW SOD\ DQ DFWLYH UROH LQ FDUERQ F\FOLQJ HYHQ LI LW ZDV VKRZQ WKDW GHHS VRLO OD\HUV
FRQWDLQ LPSRUWDQW DPRXQWV RI62& -REEDJ\ DQG -DFNVRQ DQG WKDW SDUW RI WKLV GHHS
62& FRXOG F\FOH RQ GHFDGDO WLPHVFDOHV GXH WR URRW LQSXWV RU WR GLVVROYHG RUJDQLF FDUERQ
WUDQVSRUW%DLVGHQDQG3DUILWW.RDUDVKLHWDO7KHQHHGWRWDNHLQWRDFFRXQWGHHS
VRLOOD\HUVZKHQPRGHOLQJ62&G\QDPLFVLVQRZZHOOUHFRJQL]HGLQWKHVFLHQWLILFFRPPXQLW\
(O]HLQ DQG%DOHVGHQW %DLVGHQ HW DO  DQG VHYHUDOPRGHOV KDYH EHHQ SURSRVHG








V\VWHPV DEOH WR DFFRXQW IRU ERWK YHUWLFDO DQG ODWHUDO VSDWLDO KHWHURJHQHLWLHV DQG LL WHVW




)RU WKLV ZH ILUVW FRPSLOHG GDWD RQ )20 LQSXWV WR WKH VRLO DFTXLUHG LQ D  \HDU ROG
DJURIRUHVWU\SORWDQGLQDQDJULFXOWXUDOFRQWUROSORW LQZKLFK62&VWRFNV WRPVRLOGHSWK
KDYHEHHQUHFHQWO\TXDQWLILHG&DUGLQDHOHWDOD)20LQSXWVFRPSULVHGWUHHILQHURRWV
&DUGLQDHOHW DOF WUHH OHDI OLWWHU DERYHJURXQGDQGEHORZJURXQGELRPDVVRI WKHFURS
DQGRIWKHKHUEDFHRXVYHJHWDWLRQLQWKHWUHHURZV














WKH )20 DQG WKH VRLO RUJDQLFPDWWHU 620 IRU HDFK VRLO OD\HU )LJ ,,, ,QSXW WR WKH
)20 SRRO FRPHV IURP SODQW OLWWHU DQG WKH GLVWULEXWLRQ RI WKLV LQSXW ZLWKLQ WKH SURILOH LV
171 
 
DVVXPHG WR GHSHQG XSRQ GHSWK IURP WKH VXUIDFH ] DQG XSRQ GLVWDQFH IURP WKH WUHH G
(TXDWLRQVGHVFULELQJLQSXWVWRWKH)20SRRO DWDJLYHQGHSWKGLVWDQFHDQGWLPHWDUH
IXOO\H[SODLQHGLQSDUDJUDSK
















VRLO LQFXEDWLRQV WR GHVFULEH WKH HIIHFW RI VRLO PRLVWXUH RQ GHFRPSRVLWLRQ 7KHQ WKH\
QRUPDOL]HGVXFKOLQHDUPRGHOVEHWZHHQDQGWRDSSO\WKHVHIXQFWLRQVWRFODVVLFDOILUVWRUGHU


















7ZRPDWKHPDWLFDO DSSURDFKHV DUH DYDLODEOH LQ WKHPRGHO WR GHVFULEH WKHPLQHUDOLVDWLRQ RI
620 D ILUVW RUGHU NLQHWLFV DV JLYHQ E\ HT  RU DQ DSSURDFK GHYHORSHG E\ *XHQHW HW DO





ZKHUH 620W]G LV WKH 620 FDUERQ SRRO DW D JLYHQ WLPH W LQ \HDUV GHSWK ] LQ P DQG
GLVWDQFHG LQPN620] LV LWVGHFRPSRVLWLRQUDWHDWDJLYHQGHSWK]DQG3( LV WKHSULPLQJ
SDUDPHWHU 7KH SDUDPHWHUV IPRLVW] DQG IWHPS] DUH IXQFWLRQV GHSHQGLQJ UHVSHFWLYHO\ RQ VRLO
PRLVWXUH DQG VRLO WHPSHUDWXUH DW D JLYHQ GHSWK ] DQG DIIHFWLQJ WKH GHFRPSRVLWLRQ UDWH RI





7KH VKDSH RI WKH IXQFWLRQ LH WKH E SDUDPHWHU ZDV GHWHUPLQHG E\ LQFXEDWLQJ VRLOV IURP
GLIIHUHQWVRLOOD\HUVGXULQJGD\VDW&DQGDZDWHUSRWHQWLDORIS)UHVXOWVQRWVKRZQ
&R]]LHWDOLQSUHS:HXVHGWKHVRLOLQFXEDWLRQVWRGHWHUPLQHRQO\WKHESDUDPHWHUEHFDXVH
ZLWK VXFK VKRUW WHUP LQFXEDWLRQV D FRPSOHWH HVWLPDWLRQ RI N620] RYHU WKH VRLO SURILOH
RYHUHVWLPDWHV WKH GHFRPSRVLWLRQ UDWHV EHFDXVH WKH&2PHDVXUHG GXULQJ WKH LQFXEDWLRQV LV
PDLQO\ FRPLQJ IURP ODELOH VRXUFH RI & 7KH D SDUDPHWHU ZDV RSWLPL]HG IROORZLQJ WKH
SURFHGXUH GHVFULEHG LQ SDUDJUDSK  7KH HIIHFW RI FOD\ RQ 620 GHFRPSRVLWLRQ ZDV
LPSOLFLWO\WDNHQLQWRDFFRXQWLQWKLVHTXDWLRQDVFOD\FRQWHQWLQFUHDVHGZLWKVRLOGHSWK
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WKH '%+ DV D VXUURJDWH RI WKH WUHH JURZWK SUHIHUHQWLDOO\ WR WKH WUHH KHLJKW DV WKH ILHOG








7KHPHDQ\LHOG LQ WKHFRQWUROSORWZDV W'0KD ,Q WKHDJURIRUHVWU\SORW WKH








ZH FRQVLGHUHG WKH HQWLUH LQWHUURZ GDWD QRW VKRZQ ,Q WKHPRGHOZH DLP WRSUHGLFW62&
VWRFNVXSWRPLQWKHLQWHUURZ,QWKLVFDVHDOLQHDULQFUHDVHRIFURS\LHOGZLWKLQFUHDVLQJ

































7UHH ILQH URRW GLVWULEXWLRQ DQG ELRPDVV ZLWKLQ WKH VRLO SURILOH ZDV TXDQWLILHG LQ  E\
&DUGLQDHOHWDOE,QWKHWUHHURZWKHUHZDVQRHIIHFWRIWKHGLVWDQFHIURPWKHWUHHWR
PRQWUHHILQHURRWELRPDVVWKDWZDVW&KDWRPGHSWK,QWKHLQWHUURZWUHHILQH









































WKH FURS \LHOG DJURIRUHVWU\ RU FRQWURO DW WKH \HDU W DQG DW D GLVWDQFH G 7KH PHDQ UDWLR
EHWZHHQ VWUDZ ELRPDVV DQG FURS \LHOG HTXDOHG  7KH FDUERQ FRQFHQWUDWLRQ RI VWUDZ




















 7KH URRWVKRRW UDWLR RI WKH ZKHDW HTXDOHG    7KH FDUERQ FRQFHQWUDWLRQ RI
ZKHDWURRW&URRWZDVPJ&J
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7KH PRGHO ZDV GHYHORSHG XVLQJ 5   5 'HYHORSPHQW &RUH 7HDP  0RGHO











7DUDQWROD  7DUDQWROD  6DQWDUHQ HW DO  7KHVH SDUDPHWHUV ZHUH $ WKH
DGYHFWLRQUDWH' WKHGLIIXVLRQFRHIILFLHQWH WKHKXPLILFDWLRQ\LHOGD WKHFRHIILFLHQWRI WKH
N620UDWHIURPHTXDWLRQDQG3(WKHSULPLQJFRHIILFLHQW7KHPRGHOZDVILWWHGWRWKHGDWD
XVLQJ D %D\HVLDQ FXUYH ILWWLQJPHWKRG GHVFULEHG LQ 7DUDQWROD :H DLPHG WR ILQG D
SDUDPHWHU VHW WKDW PLQLPL]HV WKH GLVWDQFH EHWZHHQ PRGHO RXWSXWV 620 DQG WKH
FRUUHVSRQGLQJ REVHUYDWLRQV 62& FRQVLGHULQJ PRGHO DQG GDWD XQFHUWDLQWLHV DQG SULRU
LQIRUPDWLRQRQSDUDPHWHUV:LWKWKHDVVXPSWLRQRI*DXVVLDQHUURUVIRUERWKWKHREVHUYDWLRQV






EHWZHHQ D SULRUL DQG RSWLPL]HG SDUDPHWHUV  LV WKH YHFWRU RI XQNQRZQSDUDPHWHUV  WKH





VHYHUDORSWLPL]DWLRQV VWDUWLQJZLWKGLIIHUHQWSDUDPHWHUSULRUYDOXHV WRFKHFN WKDW WKH UHVXOWV




$GGLWLRQDOO\ WR WKHPRGHO GHVFULSWLRQZH FRPSDUHG KHUH WZR VLPSOH VFHQDULRV LQ WHUPV RI
62&VWRUDJHZLWKDPD[LPXPGXUDWLRQRIDJURIRUHVWU\V\VWHPRI\HDUV7KHILUVWVFHQDULR






7KH RSWLPLVHG SDUDPHWHUV DQG WKHLU SULRU PRGHV DUH SUHVHQWHG LQ 7DEOH ,,, 7KH PRVW
LPSRUWDQWFRUUHODWLRQVZHUHREVHUYHGEHWZHHQHDQG$ZKLFKFRQWUROWKHKXPLILFDWLRQDQGWKH
WUDQVSRUW E\ DGYHFWLRQ EHWZHHQ H DQG3( ZKLFK FRQWUROV WKH HIIHFW RI WKH )20 RQ 620
GHFRPSRVLWLRQ EXW DOVR EHWZHHQ$ DQG3( )LJ ,,, &RQVLGHULQJ WKHPHWKRG XVHG WR
RSWLPLVH WKH SDUDPHWHUV WKHVH LPSRUWDQW FRUUHODWLRQ IDFWRUV KLQGHU WKH SUHVHQWDWLRQ RI WKH

































3( SULPLQJFRHIILFLHQW   

7DEOH,,,6XPPDU\RIRSWLPL]HGPRGHOSDUDPHWHUV3(SULPLQJHIIHFW
)LJXUH ,,, &RUUHODWLRQ PDWUL[ RI RSWLPL]HG SDUDPHWHUV D LV WKH FRHIILFLHQW IURP WKH
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)LJXUH ,,,&RPSDULVRQ RI WZRGLIIHUHQWPDQDJHPHQW VFHQDULRV LQ WHUPVRI VRLO RUJDQLF








FRQILUPV WKH LQWHUHVW RI YHUWLFDOO\ GLVFUHWL]HGPRGHOV 6XUSULVLQJO\ WKH SUHGLFWLRQV RI 62&
VWRFNVZHUHDELWEHWWHU LQ WKH LQWHUURZV WKDQ LQ WKH WUHH URZVZKHUHDVRUJDQLF LQSXWVZHUH





WKH WUHH URZV FRPSDUHG WR WKH LQWHUURZ HVSHFLDOO\ LQ WRS VRLO OD\HUV DQG H[SODLQ WKLV





ZHUH ILWWHGXVLQJDGHFUHDVLQJH[SRQHQWLDO VXFKDZKHDW URRWSURILOHV:HZHUHQRWDEOH WR




LQWHUURZV 7KLV UHVXOW VXJJHVWV WKDW D VLPSOH URRW G\QDPLF FRXOG VDWLVIDFWRU\ UHSUHVHQW
RUJDQLFLQSXWVLQWKHVRLODWOHDVWLQWKHILUVW\HDUVRIWUHHJURZWK






FRQWUROSORW WKHPRGHOUHSURGXFHGZHOO WKH62&VWRFNV LQ WKHDJURIRUHVWU\SORW ,WVXJJHVWV
WKDWWKHKLJKHU62&VWRFNVREVHUYHGLQWKHDJURIRUHVWU\DUHPDLQO\GXHWRDQLQFUHDVHRI20
LQSXWVDQGQRWWRDUHGXFWLRQRIWKHGHFRPSRVLWLRQ7KHGLIIHUHQFHRI20LQSXWVZDVDEOHWR
H[SODLQ ERWK DPRXQW DQG VSDWLDO GLVWULEXWLRQ RI DGGLWLRQDO 62& VWRUDJH +RZHYHU ZH
FRQVLGHUHGKHUHWKHVDPHVRLOWHPSHUDWXUHDQGVRLOPRLVWXUHLQERWKILHOGDQGLWPD\QRWEH
WKH FDVH 5HGXFHG WHPSHUDWXUH DQG ORZHU HYDSRWUDQVSLUDWLRQ LV RIWHQ REVHUYHG XQGHU















DQGQRW VLPSO\DSKHQRPHQRQDFFHOHUDWLQJ WKHGHFRPSRVLWLRQZKHQ)20LVDGGHG ,W LV
LPSRUWDQW WR QRWH WKDW ZLWK ILUVW RUGHU NLQHWLFV OLNH WKH RQH SUHVHQWHG LQ HT  WKH
GHFRPSRVLWLRQSDUDPHWHUVDUHILWWHGRQGDWDZKHUHSULPLQJQDWXUDOO\RFFXUVDQGWKHUHIRUHLWLV
LPSOLFLWO\ UHSUHVHQWHG DVVXPLQJ D FRQVWDQW SULPLQJ UDWH RYHU WLPH8VLQJ HT ZH GR QRW
QHHGWRDVVXPHDFRQVWDQWSULPLQJUDWHRYHUWLPHDQGZHFRQVLGHUWKDWWKH62&PLQHUDOL]DWLRQ
LV GULYHQ E\ WKH DYDLODELOLW\ RI )20$V D FRQVHTXHQFH WKHPLQHUDOL]DWLRQ UDWH FDOFXODWHG
ZLWK SULPLQJPLJKW EH VRPHWLPHV KLJKHU DQG VRPHWLPHV ORZHU WKDQ WKHPLQHUDOL]DWLRQ UDWH
FDOFXODWHGZLWKRXWSULPLQJ7KLVPD\H[SODLQZK\SUHGLFWHG62&VWRFNVZLWKSULPLQJZHUH
KLJKHUWKDQSUHGLFWHG62&VWRFNVZLWKRXWSULPLQJZKLFKPLJKWDSSHDUDVQRWLQWXLWLYH
1HYHUWKHOHVV HYHQZLWK WKHSULPLQJHIIHFW WKHPRGHOGRHVQRWSUHGLFWQHJDWLYHGHOWD VWRFN
EHWZHHQWKHDJURIRUHVWU\DQGWKHFRQWUROSORWLQGHHSVRLOOD\HUVEHORZP7KXVSULPLQJ
HIIHFWPD\QRWEHFRQVLGHUHGDVWKHPDLQGULYHURIWKHREVHUYHG62&VWRFNVGLIIHUHQFHVDQG




7KHPRGHO UHYHDOHG WKDW H[WHQGLQJ WKH WUHH URWDWLRQKDG D SRVLWLYH LPSDFW RQ62&VWRUDJH
2OGWUHHVSURGXFHPRUHELRPDVVDQGPRUHRUJDQLFLQSXWVWRWKHVRLOOHDYHVURRWVWKDQ\RXQJ
WUHHV DQG KDYH WKHUHIRUH D PRUH SURQRXQFHG LPSDFW RQ 62& VWRFNV :H FRPSDUHG KHUH
GLIIHUHQWURWDWLRQVZLWKWUHHVKDYLQJWKHVDPHJURZWKUDWHEXWDPRUHUHDOLVWLFVFHQDULRZRXOG









EHFDXVH RI WKH KLJK FDUERQ VWRUDJH REVHUYHG LQ WKRVH V\VWHPV LQ SDUWLFXODUZLWKLQ WKH VRLO
+HUHZHGHVLJQDPRGHODEOHWRSUHGLFWTXLWHZHOOREVHUYHG62&VWRFNVLQDSDUWLFXODUVLWH
7KH PRGHO PD\ EH FRQVLGHUHG DV PHFKDQLVWLF DQG FRQVHTXHQWO\ LW PD\ EH XVHIXO WR
GLVHQWDQJOHEHWZHHQGLIIHUHQWPHFKDQLVPVLPSRUWDQFHRIWKHLQSXWSULPLQJHWF7KHPRGHO
QHHGV QRZ WR EH HYDOXDWHG RQ RWKHU VLWHV ZLWK RWKHU WUHHV DQG FURSV VSHFLHV WR WHVW LWV

















&HWWH WKqVH D SHUPLV XQH TXDQWLILFDWLRQ GX VWRFNDJH GH FDUERQH RUJDQLTXH GDQV OH VRO VRXV
GLIIpUHQWV V\VWqPHV DJURIRUHVWLHUV HQ )UDQFH (Q PR\HQQH OHV V\VWqPHV DJURIRUHVWLHUV
©OLQpDLUHVªpWXGLpVSHUPHWWHQWXQVWRFNDJHDGGLWLRQQHOGHFDUERQHGH±W&





FDUERQH IRVVLOH UHSUpVHQWHQW *W& DQ /H4XpUp HW DO  WDQGLV TXH OHV VWRFNV GH
FDUERQHRUJDQLTXHJOREDX[VRQWHVWLPpVHQWUH*W&-REEDJ\DQG-DFNVRQ
+RXJKWRQ$LQVL OHV pPLVVLRQV DQQXHOOHV GH& IRVVLOH VRQW GH O¶RUGUH GH j ÅGX
VWRFNGH FDUERQHRUJDQLTXH2QREWLHQW OHPrPHFKLIIUH VL O¶RQGLYLVH O¶DXJPHQWDWLRQQHWWH
DQQXHOOH GH *(6 GDQV O¶DWPRVSKqUH  *W & SDU OHV VWRFNV GH & GHV VROV GH OD SODQqWH
MXVTX¶j  FP GH SURIRQGHXU *W & &HOD VLJQLILHTX¶XQH YDULDWLRQ GH  j Å GHV




W&KD DQ DYHFXQHGHQVLWp DSSDUHQWHGX VROGHJ FP$LQVL OHV WDX[GH VWRFNDJH
REVHUYpVGDQVOHVVROVVRXVV\VWqPHVDJURIRUHVWLHUVSHUPHWWUDLHQWGHUpSRQGUHORFDOHPHQWjFHW
REMHFWLIGHVÅ&HFKLIIUHGHVÅYRLUOHODQFHPHQWGXSURMHWGHUHFKHUFKHLQWHUQDWLRQDO©
SRXU ª SDU OH PLQLVWUH GH O¶DJULFXOWXUH HVW FHSHQGDQW j SUHQGUH DYHF SUpFDXWLRQ j
O¶pFKHOOH JOREDOH (Q HIIHW LO HVW FDOFXOp j SDUWLU GHV VWRFNV GH & JOREDX[ TXL VRQW VRXV
GLIIpUHQWV W\SHVHWRFFXSDWLRQGHVVROVHW VRXVGLIIpUHQWVFOLPDWV2U OHV VROVVRXV IRUrWVRX
VRXVSUDLULHSDUH[HPSOHVRQWVRXYHQWVDWXUpVHQFDUERQHOHXUSRWHQWLHOGHVWRFNDJHHVWGRQF
IDLEOHYRLUHQXOOH,OIDXGUDLWFDOFXOHUFHWDX[WKpRULTXHHQQHSUHQDQWHQFRPSWHTXHOHVVWRFNV
GH & GHV SDUFHOOHV DJULFROHV DX QLYHDX PRQGLDO &H FKLIIUH VHUDLW VDQV DXFXQ GRXWH WUqV
194 
 








KD DQ 3HOOHULQ HW DO /D FRQYHUVLRQGHSDUFHOOHV FXOWLYpHV HQSUDLULHV
SHUPDQHQWHVSHUPHWGHVWRFNHU KDDQ$UURXD\VHWDOGXPrPHRUGUHGH
JUDQGHXUTXHO¶DIIRUHVWDWLRQ$LQVLO¶DJURIRUHVWHULHIDLWSDUWLHG¶XQHQVHPEOHGHVROXWLRQVjOD
GLVSRVLWLRQ GHV DJULFXOWHXUV HW GHV GpFLGHXUV DILQ G¶DXJPHQWHU OHV VWRFNV GH & GX VRO 3DU








/¶DQDO\VH VSDWLDOH GHV VWRFNV GH FDUERQH O¶D FRQILUPp O¶DJURIRUHVWHULH FUpH GHV
KpWpURJpQpLWpV IRUWHV DX VHLQ G¶XQH SDUFHOOH DJULFROH 4XHOOHV TXH VRLHQW OHV SDUFHOOHV
pFKDQWLOORQQpHV OHV VWRFNV GH FDUERQH GX VRO QH GpSHQGDLHQW SDV GH OD GLVWDQFH DX[ DUEUHV
PDLVpWDLHQWIRQFWLRQGHOHXUORFDOLVDWLRQGDQVODOLJQHG¶DUEUHVRXGDQVO¶LQWHUUDQJFXOWLYp
/D YpJpWDWLRQ KHUEDFpH VXU OHV OLJQHV V¶DSSDUHQWH j XQH SUDLULH SHUPDQHQWH OH VWRFNDJH GH
FDUERQH \ HVW LPSRUWDQW /H VWRFNDJH GH FDUERQH GDQV OHV MHXQHV SDUFHOOHV DJURIRUHVWLqUHV
VHPEOHXQLTXHPHQWGjFHV©EDQGHVHQKHUEpHVª/HIDLWGHQ¶DYRLUREVHUYpDXFXQHIIHWGHOD
GLVWDQFHjO¶DUEUHGDQVOHVLQWHUUDQJVVXUOHVVWRFNVGH&YLHQWSUREDEOHPHQWGXIDLWTXHOHV
SDUFHOOHV kJpHV pFKDQWLOORQQpHV pWDLHQW WRXWHV UHODWLYHPHQW ©GHQVHVª DYHF XQH ODUJHXU







HQWUH GHX[ OLJQHVG¶DUEUHV XQ HIIHW GLVWDQFH j O¶DUEUH SRXUUD rWUHPHVXUpGDQV OHV DQQpHV j
YHQLU1RVUpVXOWDWVSHUPHWWHQWGHVLPSOLILHUJUDQGHPHQWOHVSURWRFROHVG¶pFKDQWLOORQQDJHGH
VROIXWXUVGHVSDUFHOOHVDJURIRUHVWLqUHV3RXUOHVSDUFHOOHVMHXQHVHWSRXUOHVSDUFHOOHVGHQVHV
XQSUpOqYHPHQWG¶pFKDQWLOORQV UHSUpVHQWDWLIV VXU OD OLJQHG¶DUEUH DLQVLTXHGDQV O¶LQWHUUDQJ
SHUPHW G¶DYRLU XQH ERQQH HVWLPDWLRQ GX VWRFN GH FDUERQHGH OD SDUFHOOH VDQV DYRLU j WHQLU












H[SpULPHQWDO HQ DJURIRUHVWHULH GH 5HVWLQFOLqUHV D 5DFLQH PRUWH HQ




(QSURIRQGHXU OH VRO VH ILVVXUHPRLQV ELHQ TX¶HQ VXUIDFH PRLQV GH F\FOHV G¶KXPHFWDWLRQ
GHVVLFFDWLRQODGHQVLWpDSSDUHQWHGXVROHVWIRUWHHWOHVROSOXVSDXYUHHQQXWULPHQWVTX¶HQ
VXUIDFHOHVUDFLQHVSURILWHQWGHVJDOHULHVFUppHVSDUOHVSUpFpGHQWHV1RXVDYRQVREVHUYpGHV
QRXYHOOHV UDFLQHV SRXVVDQW j O¶LQWpULHXU G¶DQFLHQQHV UDFLQHV HQ GpFRPSRVLWLRQ )LJ ,9
(OOHV SURILWHQW GX FRQGXLW PDLV DXVVL GHV QXWULPHQWV OLEpUpV SDU OD GpFRPSRVLWLRQ GHV
DQFLHQQHV UDFLQHV'HSOXV OHV UDFLQHVSUpVHQWHQWPRLQVGH UDPLILFDWLRQVKRUL]RQWDOHV HOOHV
VRQWVXUWRXWRULHQWpHVYHUWLFDOHPHQW&DUGLQDHOHWDOF$LQVLOHVGpS{WVGHFDUERQHHQ
SURIRQGHXU VH IRQW GH PDQLqUH WUqV ORFDOLVpH /RUV G¶XQ SUpOqYHPHQW FH FDUERQH HVW
KRPRJpQpLVp DX VHLQ GX ©EXON VRLOª HW HQ TXDQWLWp WURS IDLEOH SRXU rWUH GpWHFWp GH IDoRQ
VLJQLILFDWLYH ORUV GHV DQDO\VHV GH FDUERQH UpDOLVpH VXU GX VRO WDPLVp j  PP
0DOKHXUHXVHPHQW OD SDUFHOOH DJURIRUHVWLqUH OD SOXV DQFLHQQH TXH QRXV D\RQV pFKDQWLOORQQp
 DQV FKH] XQ DJULFXOWHXU D pWp LQVWDOOpH VXU XQ VRO VXSHUILFLHO HW Q¶D GRQF SDV SHUPLV
G¶pWXGLHU O¶LPSDFW VXU OHV VWRFNV GH FDUERQH SURIRQG GX VRO $5HVWLQFOLqUHV OHV VWRFNV GH






O¶pWDW LQLWLDO G¶XQH SDUFHOOH DJULFROH TXL YD rWUH SODQWpH HQ DJURIRUHVWHULH HW QRQ XQH









O¶DQQpH j XQH YLQJWDLQH G¶DQQpHV FRQWUDLUHPHQW DX[PDWLqUHV RUJDQLTXHV DGVRUEpHV VXU OHV





DX[ VROV QRQGpVWUXFWXUpV /H FDUERQH RUJDQLTXH VXU FHWWH SDUFHOOH Q¶HVW GRQF SDV QRQSOXV
SURWpJp©SK\VLTXHPHQWªDXVHLQG¶DJUpJDWVGHFHWWH WDLOOH%HVQDUGHWDO,OSRXUUDLW
rWUH LQWpUHVVDQW G¶pWXGLHU FHWWH SURWHFWLRQ SK\VLTXH j XQH pFKHOOH SOXV ILQH VXU G¶DXWUHV
SDUFHOOHVFDULOVHPEOHTXHFHSURFHVVXVVRLWVXUWRXWVLJQLILFDWLIjO¶pFKHOOHGXPLFURDJUpJDW
GH OD WDLOOH GHV OLPRQV HW SDV DXQLYHDXGHVPDFURDJUpJDWV 9LUWR HW DO 0RQL HW DO












SDUFHOOHV DJULFROHV WpPRLQV 1RWDPPHQW VXU OH VLWH GH 6DLQW-HDQG¶$QJpO\ DSUqV  DQV
G¶DJURIRUHVWHULHOHVROURXJHkWUHGHOD©WHUUHGHJURLHªDSULVXQHFRXOHXUEUXQkWUHEHDXFRXS
SOXV IRQFpH &¶HVW VXU FH VLWH TXH OD SOXV IRUWH DXJPHQWDWLRQ GHV VWRFNV GH FDUERQH D pWp





/HV UDFLQHV SDUWLFLSHQW DX VWRFNDJH GH & GHV VROV j WUDYHUV OD PRUWDOLWp UDFLQDLUH HW OD
SURGXFWLRQG¶H[VXGDWV1RXVDYRQVPRQWUpTXHOHVDSSRUWVGHFDUERQHSDUPRUWDOLWpUDFLQDLUH
UHSUpVHQWDLHQWGHVDSSRUWVGH02GDQV ODSDUFHOOH DJULFROH OHVSDLOOHV VRQW H[SRUWpHV
VHXOV OHVFKDXPHVUHVWHQWHWGDQV ODSDUFHOOHDJURIRUHVWLqUH)LJ ,,&HVUpVXOWDWV
FRQILUPHQWG¶DXWUHVpWXGHVTXLRQWGpMjPRQWUpTXHOHVUDFLQHVpWDLHQWXQHVRXUFHLPSRUWDQWH
GH FDUERQHDX VRO %DOHVGHQW DQG%DODEDQH5DVVH HW DO 1RXV DYRQVEDVpQRV




SURGXFWLRQGH UDFLQHVYDULHGDQV OH WHPSV 6WHLQDNHUDQG:LOVRQ$EUDPRIIDQG)LQ]L
/DSpULRGHGHPHVXUHSHXWGRQFLQIOXHQFHU O¶HVWLPDWLRQGHVELRPDVVHVUDFLQDLUHV'H
SOXV QRXV DYRQV PRQWUp TX¶LO \ DYDLW XQH GLPLQXWLRQ GX WXUQRYHU GHV UDFLQHV DYHF OD
SURIRQGHXUGXVRO*HUPRQHWDOVXEPLWWHGIRUSXEOLFDWLRQFHSHQGDQWO¶HVWLPDWLRQTXHQRXV
HQ DYRQV IDLWH HQSURIRQGHXU HVW WUqV SUREDEOHPHQW VXUHVWLPpHGX IDLW GH OD GXUpHGH VXLYL
UHODWLYHPHQWFRXUWHDQ&HWWHpWXGHHVWPDLQWHQDQWSRXUVXLYLHSDUXQHDXWUHGRFWRUDQWHj
O¶805 $0$3 TXL YD pJDOHPHQW FRPSDUHU O¶HVWLPDWLRQ IDLWH VXU GHV PLQLUKL]RWURQV DYHF
FHOOHIDLWHVXUGHVUKL]RWURQV'HSOXVGDQVOHFDGUHGXSURMHW(FRVIL[XQHFROODERUDWLRQHVWHQ
FRXUV DYHF OH 0D[ 3ODQFN ,QVWLWXWH GH -HQD DILQ GH FRPSDUHU OHV SUpGLFWLRQV LVVXHV GHV
PLQLUKL]RURQV HW FHOOHV IDLWHV j SDUWLU GH OD PHVXUH GX UDGLRFDUERQH $KUHQV HW DO 






VXJJqUHQW TXH FHV DSSRUWV GH& DX VRO SHXYHQW rWUH VLJQLILFDWLIV .X]\DNRY DQG'RPDQVNL
%DOHVGHQWHW DO/HVH[VXGDWVPRGLILHQW OHVFRPPXQDXWpVPLFURELHQQHVGXVRO





TXH O¶DFLGHR[DOLTXHXQH[VXGDWFRXUDQWHQWUDvQHGHVSHUWHVGHFDUERQHHQ OLEpUDQW OHV02
DGVRUEpHV VXU OHVPLQpUDX[ .HLOXZHLW HW DO 0rPH VL LO Q¶\ D SDV GH FRQVHQVXV VXU
O¶LQWpUrWGHSUHQGUHHQFRPSWHOHU{OHGXSULPLQJHIIHFWVXUOHVG\QDPLTXHVGHFDUERQHjORQJ
WHUPH&DUGLQDHOHWDOELOVHPEOHSHUWLQHQWGDQVOHIXWXUG¶pWXGLHUFHSURFHVVXVGDQVOHV
V\VWqPHV DJURIRUHVWLHUV (Q HIIHW OHV DUEUHV RQW DFFqV j GHV KRUL]RQV SURIRQGV R OHV
PLFURRUJDQLVPHV VRQW IRUWHPHQW OLPLWpV HQ pQHUJLH HW O¶DSSRUW GH PROpFXOHV ODELOHV SHXW
HQWUDvQHUXQSULPLQJHIIHFWLPSRUWDQW)RQWDLQHHWDO'HVPDUTXDJHVGHVDUEUHVDYHF





FDU FH VRQW GHV DUEUHV GH SOHLQ VROHLO LOV VRQW QH VRQW SDV HQ FRPSpWLWLRQ DYHF OHV DUEUHV




/HPLFURFOLPDW HQ DJURIRUHVWHULH HVWPRGLILp SDU OD SUpVHQFHGHV DUEUHVPDLV OHV HIIHWV VXU
O¶KXPLGLWpGXVROVRQWFRPSOH[HV*pQpUDOHPHQWODWHPSpUDWXUHGXVROVRXVOHVDUEUHVHVWSOXV
EDVVH&OLQFKHWDOHWOHVDUEUHVSHXYHQWpJDOHPHQWVHUYLUGHFRXSHYHQW2WHQJ¶LHWDO
 FH TXL VH WUDGXLW SDU XQH PRLQGUH pYDSRUDWLRQ GX VRO (Q UHYDQFKH OHV DUEUHV
WUDQVSLUHQW GH JUDQGHV TXDQWLWpV G¶HDX 2QJ DQG /HDNH\  FH TXL SHXW FUpHU XQH
FRPSpWLWLRQ LPSRUWDQWH SRXU FHWWH UHVVRXUFH QRWDPPHQW GDQV OHV VROV VXSHUILFLHOV RX HQ
DEVHQFH GH  QDSSH DFFHVVLEOH SRXU OHV DUEUHV /D UHGLVWULEXWLRQ K\GUDXOLTXH RX DVFHQVHXU
K\GUDXOLTXH HVW OH PRXYHPHQW SDVVLI GH O¶HDX j WUDYHUV GLIIpUHQWHV FRXFKHV GH VRO YLD OHV
UDFLQHV GHV DUEUHV TXL GpSHQG GHV JUDGLHQWV GH SRWHQWLHO K\GULTXH j O¶LQWHUIDFH VROSODQWH





G¶KXPLGLWp GDQV OHV SDUFHOOHV DJULFROHV HW DJURIRUHVWLqUHV IDXWH GH GRQQpHV SRXU OHV
GLIIpUHQFLHU,OVHUDLWFHSHQGDQWLQWpUHVVDQWGHIDLUHXQHDQDO\VHGHVHQVLELOLWpVXUO¶HIIHWG¶XQH
UpGXFWLRQGH OD WHPSpUDWXUHGXVRO QRWDPPHQWHQVXUIDFHVXU OHVSUpGLFWLRQVGHVVWRFNVGH
FDUERQHGXVROWRXWFRPPHXQHPRGLILFDWLRQDXJPHQWDWLRQRXGLPLQXWLRQGHO¶KXPLGLWpGX
VRO'DQVOHFDVG¶XQHEDLVVHGHWHPSpUDWXUHHWG¶KXPLGLWpGXVRORQSRXUUDLWV¶DWWHQGUHjXQH
PRLQGUH PLQpUDOLVDWLRQ GH OD 02 HQ DJURIRUHVWHULH 'HV pWXGHV HPSLULTXHV GHYUDLHQW rWUH
PHQpHVVXUOHWHUUDLQSRXUpWD\HUFHVK\SRWKqVHV
/D WHPSpUDWXUH WDPSRQQpH GDQV OHV V\VWqPHV DJURIRUHVWLHUV SRXUUDLW pJDOHPHQW DYRLU XQ
LQWpUrW GDQV O¶DGDSWDWLRQ DX FKDQJHPHQW FOLPDWLTXH 3DU H[HPSOH FHV V\VWqPHV SRXUUDLHQW















FRPPH+LV$)H 7DOERW  TXL SUpGLVHQW OD FURLVVDQFHGHV DUEUHV HW GHV FXOWXUHV DLQVL
TXH GHV G\QDPLTXHV UDFLQDLUHV HQ IRQFWLRQ GHV UHVVRXUFHV GXPLOLHXPDLV TXL QH VRQW SDV
HQFRUHFDSDEOHVGHPRGpOLVHU OHFDUERQHGX VRO'H IDoRQSOXV VLPSOH FHPRGqOHSHXW rWUH
XWLOLVpSRXUWHVWHUGLIIpUHQWVVFpQDULRVGHJHVWLRQGHVSDUFHOOHVSDUH[HPSOHVXUO¶RSWLPLVDWLRQ
GHV URWDWLRQV G¶DUEUHV(Q IDLVDQW GHV K\SRWKqVHV VLPSOHV VXU OHV YLWHVVHV GH FURLVVDQFH GHV




/D GpFRPSRVLWLRQ GHV PDWLqUHV RUJDQLTXHV IUDvFKHV HW OHXU WUDQVIRUPDWLRQ HQ PDWLqUH
RUJDQLTXHVVWDEOHVGXVROVRQW OLPLWpHVSDU ODGLVSRQLELOLWpHQQXWULPHQWVGXVROQRWDPPHQW
SDUO¶D]RWH1OHSKRVSKRUH3HWOHVRXIUH6.LUNE\HWDO.LUNE\HWDO/HV
UDWLRV VW°FKLRPpWULTXHV &QXWULPHQWV GHV02 IUDvFKHV YDULHQW FRQVLGpUDEOHPHQW VHORQ OHXU
RULJLQH(QUHYDQFKHFHVUDWLRVVRQWUHODWLYHPHQWVWDEOHVSRXUOD02KXPLILpHGXVROTXHOV
TXHVRLHQWOHW\SHGHVROODSRVLWLRQJpRJUDSKLTXHRXHQFRUHODJHVWLRQGXVRO.LUNE\HWDO
 RQW PRQWUp TXH FH UDWLR pWDLW HQYLURQ GH  &136 &HV UDWLRV VRQW
pJDOHPHQW UHODWLYHPHQW FRQVWDQWV SRXU OHV EDFWpULHV GX VRO  HW SRXUOHV
FKDPSLJQRQV GX VRO  &OHYHODQG DQG /LSW]LQ  .LUNE\ HW DO 
5LFKDUGVRQHWDO2UODGpFRPSRVLWLRQGHODPDWLqUHRUJDQLTXHGDQVOHVROHVWFRQWU{OpH





RUJDQLTXH GX VRO SRXU VXEYHQLU j OHXU EHVRLQV HQ QXWULPHQWV 'H SOXV OD GLVSRQLELOLWp HQ
QXWULPHQWVFRQGLWLRQQH ODSURGXFWLRQGHELRPDVVHHWDLQVL OH UHWRXUGH02DXVRO$LQVL OD
GLVSRQLELOLWp HQ QXWULPHQWV FRQWU{OH OH VWRFNDJH GH FDUERQH GDQV OHV VROV /H VWRFNDJH GH
FDUERQH j ORQJ WHUPH V¶DFFRPSDJQH GRQF G¶XQ VWRFNDJH VLPXOWDQp GH QXWULPHQWV SRXU
VDWLVIDLUH OHV H[LJHQFHV VW°FKLRPpWULTXHV GH OD ELRPDVVH PLFURELHQQH HW GH OD PDWLqUH
RUJDQLTXHGXVRO5LFKDUGVRQHWDO
/¶HIILFLHQFH G¶XWLOLVDWLRQ GX FDUERQH SDU OHV PLFURRUJDQLVPHV F¶HVWjGLUH OD TXDQWLWp GH
ELRPDVVHIRUPpHSDUXQLWpGHVXEVWUDWFRQVRPPpHHVWGpWHUPLQDQWH6LQVDEDXJKHWDO
8QHK\SRWKqVHFRXUDPPHQWUpSDQGXHHVWTXHOHVFKDPSLJQRQVRQWXQHHIILFLHQFHVXSpULHXUH
DX[ EDFWpULHV +ROODQG DQG &ROHPDQ  PDLV GHV WUDYDX[ UpFHQWV PRQWUHQW TXH FHWWH
K\SRWKqVHQ¶HVWSDVYpULILpHHWTXHSHXGHGRQQpHVH[LVWHQWVXUFHVXMHW6L[HWDO7KLHW
HW DO (Q UHYDQFKH FRPPH O¶LQGLTXHQW OHV UDWLRV VW°FKLRPpWULTXHV OHV FKDPSLJQRQV




PRLQGUH IHUWLOLVDWLRQ HW GHVPDWLqUHV RUJDQLTXHV DYHF XQ UDSSRUW &1 pOHYp DXJPHQWHQW FH
UDWLR6L[HWDO




HW DO  8QH SDUWLH GH FHV QXWULPHQWV SUpOHYpV HQ SURIRQGHXU SDU OHV DUEUHV HVW
UHGLVWULEXpHHQVXUIDFHORUVGHODFKXWHGHVIHXLOOHVHWGHODPRUWDOLWpGHVUDFLQHV*UkFHjFHWWH
YDORULVDWLRQ GHV SHUWHV GX V\VWqPH DJULFROH PDLV DXVVL JUkFH j O¶DFFqV j GHV UHVVRXUFHV
SURIRQGHV OHV V\VWqPHV DJURIRUHVWLHUV SRXUUDLW QpFHVVLWHU PRLQV G¶DSSRUWV HQ IHUWLOLVDQWV
H[RJqQHV SRXU OHV FXOWXUHV PDLV DXVVL SRXU VWRFNHU GX FDUERQH &RPPH OH VXJJqUHQW
5LFKDUGVRQ HW DO  XQH SLVWH LQWpUHVVDQWH VHUDLW G¶pWXGLHU GDQV TXHOOH PHVXUH
O¶DFTXLVLWLRQ GH QXWULPHQWV QDWXUHOOHPHQW SUpVHQWV GDQV OH VRO SRXUUDLW rWUH GpFRXSOpH RX
SDUWLHOOHPHQWGpFRXSOpHGHODPLQpUDOLVDWLRQGHODPDWLqUHRUJDQLTXHGXVRO3DUH[HPSOHOD




RX FRPSOH[p j GHV PpWDX[ *pUDUG  /HV DVVRFLDWLRQV V\PELRWLTXHV GHV SODQWHV
QRWDPPHQW j WUDYHUV OHV P\FRUKL]HV MRXHQW XQ U{OH FUXFLDO GDQV FHWWH DFTXLVLWLRQ GX 3
+LQVLQJHU  %HFTXHU HW DO  /¶LQWURGXFWLRQ G¶DUEUHV  SODQWHV SpUHQQHV
PDMRULWDLUHPHQWP\FRUKL]pHV±DXVHLQG¶XQHSDUFHOOHDJULFROHSRXUUDLWSHUPHWWUHG¶DXJPHQWHU
FHWWHTXDQWLWpGH3LQRUJDQLTXHGDQVOHVRODORUVGLVSRQLEOHSRXUOHVFXOWXUHV8QHDXWUHSLVWH





OHV FRXSODJHV HQWUH OH F\FOH GX FDUERQH HW OH F\FOH GHV DXWUHV QXWULPHQWV 31 V¶DYqUHQW
QpFHVVDLUHSRXUPLHX[FRPSUHQGUH OHVSURFHVVXVSHUPHWWDQWGHVWRFNHUGXFDUERQHGDQVFHV
V\VWqPHV
$ILQ G¶pYDOXHU OH ELODQ GH FDUERQH JOREDO G¶XQH SDUFHOOH DJURIRUHVWLqUH SOXVLHXUV pOpPHQWV
VRQWjSUHQGUHHQFRQVLGpUDWLRQHWQpFHVVLWHQWGHVUHFKHUFKHVSOXVDSSURIRQGLHVVXUOHVXMHW
/DPRLQGUHXWLOLVDWLRQG¶HQJUDLVGXIDLWGHODSUpVHQFHGHVOLJQHVG¶DUEUHHQWUDvQHSDUH[HPSOH
XQH PRLQGUH FRQVRPPDWLRQ G¶pQHUJLH SRXU OHXU IDEULFDWLRQ PDLV pJDOHPHQW XQH PRLQGUH
pPLVVLRQ GH 12 GDQV OHV VROV /¶XWLOLVDWLRQ G¶DUEUHV IL[DWHXUV G¶D]RWH SRXUUDLW pJDOHPHQW
DPpOLRUHUFHELODQ(QUHYDQFKHODSUpVHQFHGHVOLJQHVG¶DUEUHHQWUDvQHGHVPDQ°XYUHVSOXV
LPSRUWDQWHVSRXUOHVWUDFWHXUVHWO¶XWLOLVDWLRQGHPDFKLQHVVXSSOpPHQWDLUHVSRXUO¶pODJDJHHW













&26 GDQV GLIIpUHQWV V\VWqPHV DJURIRUHVWLHUV HQ )UDQFH FRPSDUDWLYHPHQW j GHV SDUFHOOHV
DJULFROHV GH UpIpUHQFH 'H SOXV XQ LQWpUrW SDUWLFXOLHU D pWp SRUWp j OD FRPSUpKHQVLRQ GHV




&26 D pWp HVWLPp j   W & KD DQ VXU  FP VXU XQ HQVHPEOH GH FLQT
SDUFHOOHVDJURV\OYLFROHVHQ)UDQFH1RWUHK\SRWKqVHFRQFHUQDQWXQVWRFNDJHGH&26DFFUXHQ




WUqV IDLEOH VXUPLQpUDOLVDWLRQ LQGLTXDQW TXH FHV023QH VRQW SDV SURWpJpHV DX VHLQ GH FHV
DJUpJDWV7RXVFHVpOpPHQWV VHPEOHQW LQGLTXHUXQ VWRFNDJHGHFDUERQH WUqVYXOQpUDEOHjXQ






RQW SHUPLV GH PRQWUHU TXH FHWWH DEVHQFH GH JUDGLHQW pWDLW H[SOLTXp SDU OHV LPSRUWDQWHV
ELRPDVVHVGH UDFLQHV ILQHVGHVDUEUHVjSUR[LPLWpGHV OLJQHVTXLSHUPHWWDLHQWGHFRPSHQVHU
OHVPRLQGUHVDSSRUWVGH02GXVjODGLPLQXWLRQGXUHQGHPHQWSUqVGHVOLJQHV(QUHYDQFKH
OHVVWRFNVGH&26OHVSOXVLPSRUWDQWVRQWpWpPHVXUpVVXUOHVOLJQHVG¶DUEUHVTXLVRQWDXVVL









pWXGHV VXSSOpPHQWDLUHV GHYUDLHQW SHUPHWWUH SDU H[HPSOH GH WURXYHU GHV FRXYHUWV D\DQW XQ
LPSDFW SRVLWLI VXU OH VWRFNDJH GH &26 PDLV pJDOHPHQW VXU OD ELRGLYHUVLWp RX HQFRUH OH
FRQWU{OHGHVUDYDJHXUVGHVFXOWXUHV




TXDQW DX OH U{OH FUXFLDO GHV UDFLQHV GDQV OHV DSSRUWV GH 02 DX VRO (Q UHYDQFKH OHV












OLPLWp SDU OD GLVSRQLELOLWp HQ QXWULPHQWV GX VRO G¶DXWUHV UHFKHUFKHV DSSURIRQGLHV GHYUDLHQW
rWUH PHQpHV VXU OH FRXSODJH GHV F\FOHV GX FDUERQH GH O¶D]RWH HW GX SKRVSKRUH GDQV OHV
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0LDORXQGDPD ) 0DELDOD $ (SURQ '  5RRW HORQJDWLRQ LQ WURSLFDO (XFDO\SWXV












:+6LPEHUORII'6ZDFNKDPHU' 'LYHUVLW\ DQG3URGXFWLYLW\ LQ D/RQJ7HUP
*UDVVODQG([SHULPHQW6FLHQFH±




7RUTXHELDX ()  $ UHQHZHG SHUVSHFWLYH RQ DJURIRUHVWU\ FRQFHSWV DQG FODVVLILFDWLRQ
/LIH6FL±
7UXPERUH6(*DXGLQVNL-%7KHVHFUHWOLYHVRIURRWV6FLHQFH±









VWDELOLW\ DQG HQ]\PH DFWLYLWLHV LQ D WHPSHUDWH DJURIRUHVWU\ SUDFWLFH $SSO 6RLO (FRO
±GRLMDSVRLO
8GDZDWWD53.UVWDQVN\--+HQGHUVRQ*6*DUUHWW+($JURIRUHVWU\SUDFWLFHVUXQRII








9DUDK$ -RQHV+ 6PLWK - 3RWWV 6*  (QKDQFHG ELRGLYHUVLW\ DQG SROOLQDWLRQ LQ8.
DJURIRUHVWU\V\VWHPV-6FL)RRG$JULF±GRLMVID
9HUFKRW/91RRUGZLMN0.DQGML67RPLFK72QJ&$OEUHFKW$0DFNHQVHQ-%DQWLODQ
& $QXSDPD .9 3DOP &  &OLPDWH FKDQJH OLQNLQJ DGDSWDWLRQ DQG PLWLJDWLRQ




XVLQJ D ODUJH VSDFLQJ V\VWHPDWLF VRLO PRQLWRULQJ GHVLJQ" $ FDVH VWXG\ LQ 1RUWKHUQ
)UDQFH6FL7RWDO(QYLURQ±GRLMVFLWRWHQY
9LUWR , %DUUp 3 %XUORW $ &KHQX &  &DUERQ LQSXW GLIIHUHQFHV DV WKH PDLQ IDFWRU






9RJHO & 0XHOOHU &: +|VFKHQ & %XHJJHU ) +HLVWHU . 6FKXO] 6 6FKORWHU 0 .|JHO
.QDEHU,6XEPLFURQVWUXFWXUHVSURYLGHSUHIHUHQWLDOVSRWVIRUFDUERQDQGQLWURJHQ
VHTXHVWUDWLRQLQVRLOV1DW&RPPXQ±GRLQFRPPV




:DQJ %- =KDQJ : $KDQELHNH 3 *DQ <: ;X :/ /L /+ &KULVWLH 3 /L / 
,QWHUVSHFLILFLQWHUDFWLRQVDOWHUURRWOHQJWKGHQVLW\URRWGLDPHWHUDQGVSHFLILFURRWOHQJWK
LQ MXMXEHZKHDW DJURIRUHVWU\ V\VWHPV $JURIRU 6\VW ± GRL V
\
:HEVWHU50F%UDWQH\$%2QWKH$NDLNH,QIRUPDWLRQ&ULWHULRQIRUFKRRVLQJPRGHOV
IRU YDULRJUDPV RI VRLO SURSHUWLHV - 6RLO 6FL ± GRL M
WE[
:HEVWHU52OLYHU0$*HRVWDWLVWLFVIRU(QYLURQPHQWDO6FLHQWLVWV






9DQ GHU:HUI:.HHVPDQ.%XUJHVV 3 *UDYHV$ 3LOEHDP' ,QFROO /'0HWVHODDU.
0D\XV 0 6WDSSHUV 5 YDQ .HXOHQ + 3DOPD - 'XSUD] &  <LHOG6$)( $
SDUDPHWHUVSDUVHSURFHVVEDVHGG\QDPLFPRGHOIRUSUHGLFWLQJUHVRXUFHFDSWXUHJURZWK
DQG SURGXFWLRQ LQ DJURIRUHVWU\ V\VWHPV (FRO (QJ ± GRL
MHFROHQJ




GHULYHG IURP VWDEOH VRLO RUJDQLF FDUERQ VDWXUDWLRQ*ORE&KDQJ%LRO ± GRL
JFE
:LOODXPH03DJqV/ +RZSHULRGLF JURZWK SDWWHUQ DQG VRXUFHVLQN UHODWLRQV DIIHFW
URRWJURZWKLQRDNWUHHVHHGOLQJV-([S%RW±GRLM[EHUM
:LWKLQJWRQ-0(ONLQ$'%XODM%2OHVLQVNL-7UDF\.1%RXPD7-2OHNV\Q-$QGHUVRQ








<XDQ =< &KHQ +  )LQH 5RRW %LRPDVV 3URGXFWLRQ 7XUQRYHU 5DWHV DQG 1XWULHQW




















































)LJXUH , 'HVFULSWLRQ RI WKH LQWHQVLYH VDPSOLQJ VFKHPH LQ WKH DJURIRUHVWU\ DQG LQ WKH
FRQWUROVXESORWV«««««««««««««««««««««««««««««««««






)LJXUH , .ULJHG PDSV RI FXPXODWHG VRLO RUJDQLF FDUERQ VWRFNV 0J & KD LQ WKH
DJURIRUHVWU\DQGLQWKHFRQWUROSORW«««««««««««««««««««««««
)LJXUH,2UJDQLFFDUERQFRQWHQWVLQHDFKVRLOIUDFWLRQPJ&JVRLO«««««««




































































PPDQGEHDFKVRLO OD\HU PDQGP IURP$XJXVW WR$XJXVW
««««««««««««««««««««««««««««««««««««««


















)LJXUH ,,,&XPXODWHGRUJDQLF&&2UHVSLUDWLRQRI LQFXEDWHGVRLO VDPSOHVVLHYHGDW
PPDWPRUGLVSHUVHGDWP««««««««««««««««««««««








)LJXUH ,,, 5HSUHVHQWDWLRQ RI SUHGLFWHG 62& VWRFNV W & KD LQ WZR GLPHQVLRQV DV D
IXQFWLRQRIGLVWDQFHWRWKHWUHHPDQGGHSWKFPZLWKRXWRUZLWKSULPLQJHIIHFW«««
)LJXUH ,,,'HOWD 62& VWRFNV W & KD DQG FXPXODWHG )20 VWRFNV LQ DQ  \HDU ROG
DJURIRUHVWU\SORW««««««««««««««««««««««««««««««««
)LJXUH ,,,&RPSDULVRQRI WZRGLIIHUHQWPDQDJHPHQW VFHQDULRV LQ WHUPVRI VRLO RUJDQLF
FDUERQVWRUDJH«««««««««««««««««««««««««««««««««
)LJXUH,93KRWRGHMHXQHVUDFLQHVILQHVGHQR\HUREVHUYpHVjPGHSURIRQGHXUVXUOHVLWH














































SURGXFWLRQ &153 DQG FXPXODWLYH GHDG OHQJWK ORVV &'// DV D IXQFWLRQ RI WKH ILQH URRW
GLDPHWHUVRLOGHSWKGLVWDQFHWRWKHWUHHDQGLQWHUDFWLRQVEHWZHHQIDFWRUV«««««««
7DEOH ,, &XPXODWLYH OLYH OHQJWK SURGXFWLRQ &//3 DQG FXPXODWLYH GHDG OHQJWK ORVV





7DEOH ,, 0HGLDQ OLIHVSDQ RI LQGLYLGXDO URRWV HVWLPDWHG XVLQJ SURSRUWLRQDO KD]DUG
UHJUHVVLRQVSHUGLDPHWHUFODVVDQGVRLOOD\HU«««««««««««««««««««
7DEOH ,, 0HGLDQ OLIHVSDQ RI LQGLYLGXDO URRWV HVWLPDWHG XVLQJ SURSRUWLRQDO KD]DUG
UHJUHVVLRQVSHUGLDPHWHUFODVVDQGVRLOOD\HU«««««««««««««««««««
7DEOH ,,6 0HGLDQ OLIHVSDQ RI LQGLYLGXDO URRWV HVWLPDWHG XVLQJ SURSRUWLRQDO KD]DUG
UHJUHVVLRQV SHU GLDPHWHU FODVV DW  P VRLO GHSWK KRUL]RQ REWDLQHG ZLWK WKH
PLQLUKL]RWURQVLQWKHSORW««««««««««««««««««««««««««««
7DEOH,,&DUERQVWRFNVLQWKHDERYHJURXQGELRPDVVDQGLQWKHVWXPSRIZDOQXWWUHHV









7DEOH ,,, 6RLO DQDO\VHV RI LQFXEDWHG VDPSOHV )RU 62& FRQFHQWUDWLRQV Q  DW HDFK
GHSWK«««««««««««««««««««««««««««««««««««««


















ZLWK ZLQWHU FURSV LQGXFHV GHHSHU URRWLQJ RI ZDOQXW WUHHV LQ D 0HGLWHUUDQHDQ DOOH\




GH FRQFLOLHU SURGXFWLRQ DJULFROH HW DWWpQXDWLRQ GX FKDQJHPHQW FOLPDWLTXH " )RUrW
HQWUHSULVH




&DPERX $ &DUGLQDHO 5 .RXDNRXD ( 9LOOHQHXYH 0 'XUDQG & %DUWKqV %* 
3UHGLFWLRQ RI VRLO RUJDQLF FDUERQ VWRFN XVLQJ YLVLEOH DQG QHDU LQIUDUHG UHIOHFWDQFH









& 'XSUD] & -RXUGDQ & 3LHUUHW $ 5RXSVDUG 2 6WRNHV $  5RRW IXQFWLRQDO
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5pVXPp /¶DJURIRUHVWHULH HVW XQ PRGH
G¶RFFXSDWLRQ GHV VROV TXL DVVRFLH GHV DUEUHV HW
GHV FXOWXUHV HWRX GHV DQLPDX[ DX VHLQ G¶XQH
PrPH SDUFHOOH &H V\VWqPH DJULFROH SRXUUDLW
MRXHUXQU{OHGDQVO¶DWWpQXDWLRQPDLVDXVVLGDQV
O¶DGDSWDWLRQ DX FKDQJHPHQW FOLPDWLTXH /H EXW
GH FHWWH WKqVH HVW G¶pYDOXHU OH SRWHQWLHO GH
VWRFNDJH GH FDUERQH RUJDQLTXH GDQV OHV VROV
VRXVDJURIRUHVWHULH
&HWWHpWXGHDpWpUpDOLVpHVXUOHSOXVDQFLHQVLWH
H[SpULPHQWDO HQ )UDQFH VXLYL SDU O¶,15$
GHSXLV  PDLV DXVVL FKH] GHV DJULFXOWHXUV
/D TXDQWLILFDWLRQ GHV VWRFNV GH FDUERQH D pWp
UpDOLVpH SDU FRPSDUDLVRQ HQWUH GHV SDUFHOOHV
DJURIRUHVWLqUHV HW DJULFROHV GRQW OD FXOWXUH
DQQXHOOHHVWJpUpHGHIDoRQLGHQWLTXHMXVTX¶j
PGHSURIRQGHXU7RXWHVOHVHQWUpHVGHPDWLqUHV
RUJDQLTXHV DX VRO RQW pWp TXDQWLILpHV  UDFLQHV
G¶DUEUHV IHXLOOHV UpVLGXV HW UDFLQHV GH OD
FXOWXUH /D VWDELOLWp GH FDUERQH DGGLWLRQQHO
VWRFNpD pWp FDUDFWpULVpH SDUGX IUDFWLRQQHPHQW






VWRFNV GH FDUERQH GX VRO DYHF GHV WDX[ GH
VWRFNDJHDOODQWGHjW&KDDQ(OOH
UpYqOHpJDOHPHQWOHU{OHGHVOLJQHVG¶DUEUHVGDQV
FH VWRFNDJH HW O¶LPSRUWDQFH GHV HQWUpHV GH
FDUERQH SDU PRUWDOLWp UDFLQDLUH (OOH SRVH








$EVWUDFW $JURIRUHVWU\ LV D ODQG XVH W\SH
ZKHUH WUHHV DUH DVVRFLDWHG ZLWK FURSV DQGRU
DQLPDOV ZLWKLQ WKH VDPH ILHOG 7KLV
DJURHFRV\VWHP FRXOG KHOS PLWLJDWLQJ FOLPDWH
FKDQJH DQG DOVR FRQWULEXWH WR LWV DGDSWDWLRQ
7KH JRDO RI WKLV WKHVLV ZDV WR HYDOXDWH WKH
SRWHQWLDO RI VRLO RUJDQLF FDUERQ VWRUDJH XQGHU
DJURIRUHVWU\V\VWHPV
7KLV VWXG\ ZDV SHUIRUPHG DW WKH ROGHVW
H[SHULPHQWDO VLWH LQ )UDQFH D WULDO VXSHUYLVHG
E\ ,15$ VLQFH  EXW DOVR DW IDUPHUV¶
ILHOGV 6RLO RUJDQLF FDUERQ VWRFNV ZHUH
FRPSDUHG EHWZHHQ DJURIRUHVWU\ DQG
DJULFXOWXUDOSORWVGRZQ WRPVRLOGHSWK$OO
RUJDQLFLQSXWVWRWKHVRLOZHUHTXDQWLILHGWUHH
URRWV OHDI OLWWHU FURS URRWV DQG UHVLGXHV7KH
VWDELOLW\ RI DGGWLRQQDO VWRUHG FDUERQ ZDV
FDUDFWHULVHG ZLWK VRLO RUJDQLF PDWWHU
IUDFWLRQDWLRQDQGVRLO LQFXEDWLRQV$PRGHORI
VRLO RUJDQLF FDUERQ G\QDPLFZDV GHVFULEHG LQ
RUGHU WR EHWWHU XQGHUVWDQG WKLV G\QDPLF LQ
DJURIRUHVWU\HVSHFLDOO\LQGHHSVRLOOD\HUV
7KLV VWXG\ UHYHDOHG WKH LQWHUHVW DQG WKH
SRWHQWLDO RI DJURIRUHVWU\ V\VWHPV LQ LQFUHDVLQJ
VRLO RUJDQLF FDUERQ VWRFNV ZLWK DFFXPXODWLRQ
UDWHVRIWRW&KD\U,WDOVRUHYHDOV
WKH UROH RI WUHH URZV LQ WKLV VWRUDJH  DQG WKH
LPSRUWDQFH RI FDUERQ LQSXWV IURP URRW
PRUWDOLW\+RZHYHULWUDLVHVFRQFHUQVDERXWWKH
VWDELOLW\RIWKLVVWRUDJH
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